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Muscular coordination, especially in its bearing on vertebrate motion, 
has provided a rich field for speculation and research. It continues to 
invite extensive investigation, because its salient problem is still 
unsolved. This problem may be‘concisely stated in the following ques- 
tion: How do the skeletal muscles cooperate to produce smooth and 
effective motion? The main emphasis in this question should fall on 
the manner as well as on the mechanism of this muscular cooperation, 
i. e., how the great masses of muscles in the body carry on their complex 
contractile function without confusion in interaction. 

If for no other reason, this problem is of importance because of its 
clinical signficance. A number of motor disturbances which develop in 
the course of disease are due to disharmonies in muscular interaction. 
Frequently ataxia and asynergia are preeminently the result of patho- 
logic changes which affect the correlating portions of the nervous system 
responsible for proper muscular coordination. 

Our knowledge of this subject has been enriched by numerous con- 
tributions based on clinical observation, and it seems fair to presume 
that the chief clinical features of muscular incoordination have been 
identified. It seems equally certain that the nature and physiologic 
significance of muscular coordination have yet to receive adequate 
explanation. 

The exact manner in which the muscles cooperate in vertebrates is 
still not clear. What coordinative control is inherent in the skeletal 
muscles themselves, what histologic and biochemical constituents are 
comprised in the individual muscle fibers as requisite to coordination, 
what control of this function is delegated to such segmental 


*From Columbia University. 
*Read at the Fiftieth Annual Meeting of the American Neurological 
Association, Philadelphia, June, 1924. 
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portions of the central nervous system as the. spinal cord, oblongata and 
midbrain, and what accessions to this central controlling influence have 
been developed by the cerebellum and cerebral hemispheres, are only 
some of the special problems whose solution requires extensive 
investigation. 

ne phase of this inquiry which has received much attention is the 
functional relation of the so-called antagonistic muscles of the body. 
Our interest has been especially attracted by this aspect of coordination, 
more particularly to the interaction between antagonistic muscles, such, 
for example, as the flexors and extensors. We have also endeavored to 
determine what role, if any, the cerebellum plays in this interaction. 

Opinions have differed so considerably concerning the relation of 
intagonistic muscles to each other that for purposes of discussion at 
least it may be permissible to distinguish the French interpretation in 
contradistinction to the English teachings in this matter. Probably no 
such rigid line should be drawn in a subject still so open to debate, 
although there may be a certain advantage in nominally contrasting these 
two opposing points of view. 

The question of interaction between antagonistic muscles has a long 
antecedent history. It goes back at least to the time of Galen,’ whose 
early pronouncement as translated by Daremberg in 1856 is as follows: 


The contracted muscle is shortened, while the relaxed muscle is extended 
simultaneously with the limb. For this reason, the two muscles are in action 
throughout both movements of the member. However, we are not concerned 
with both, for the activity consists in the tension of the limb which moves 
itself, and not in the passive action. But a muscle responds when it is made 
inactive, just as every other portion of the limb does. 


According to this interpretation, when one muscle of an antagonistic 
group acts to produce movement, as for example an extensor, the 
opposing flexor remains inactive. 

Although Galen’s theory long held its place as the classical dictum 
in the matter, Descartes,’ in 1662, introduced another conception which 
was destined to figure still more conspicuously in the protracted con- 
troversy that has followed. Discussing in his “De Homine” the volun- 
tary movements of the eye muscles, he maintained that when the external 
rectus muscle of the eyeball contracts to produce external rotation, its 
opposing internal rectus relaxes simultaneously. The mechanism which 
he predicated consisted of a series of valved channels, both advehent 
and revehent, through which the vital spirits were on the one hand con- 
ducted to the contracting muscle and, on the other hand, withdrawn 


1. Galen: De lutilite des parties. Oeuvres de Galien, trans. by Daremberg, 
1856, Vol. 2. 
2. Descartes, R.: De Homine, Leyden, 1662. 
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from the relaxing muscle. This ingenious conception is illustrated by 


drawings made by Descartes himself. 

In 1776, Winslow * presented still another point of view. The pas- 
sage containing his interpretation of intermuscular relations is particu- 
larly important in its historical bearing and is therefore translated in full. 


To move any part or to maintain it in a fixed position, involves a coopera- 
tion of all the muscles capable of moving it. Some muscles guide this motion 
directly to its position or fixed attitude, others modify it by counterbalancing 

in the opposite direction; still others direct it laterally. The first of these 

rincipal muscles I have called motors, the others moderators, and the last 
irectors of the fixed movement. The moderators are, in general, those called 


antagonists,” and often the heaviness or the resistance of some foreign body 
nd even the weight of the part to which they are attached compensates for 
the deficiency of their operation. 

When several muscles are attached to some mobile part they are all either 
ctive or contract with each movement of that part. However, they are not 


11 equally active or tense, for the principal motors, if there be any, are more 
than the directors or collaterals and even than the moderators. This coopera- 
n of the muscles is plainly apparent if they are touched during movements 
quiring considerable effort. Let+*it be remembered, however, | except the 

derators or antagonists when their weight or when some foreign resistance 

sists their action. 


Winslow therefore had the conception that when one muscle con- 
racted, it might be to produce flexion, its antagonistic extensor usually 
contracted also in order to offer a moderating resistance. ©n the other 
and, there were circumstances under which this moderating influence 

might arise from conditions other than the contraction of the antagonistic 

muscle, as, for example, the force of gravity acting on the part moved, 
r the presence of physical resistance offered to the moving muscle 
vhich substituted itself for the moderating antagonist. This was a con- 
ception of far-reaching significance which has projected its influence 
torward into all subsequent consideration of the subject. It actually 
seems to have pointed the direction for most of the extensive French 
investigations which followed it. Prominent among these should be 
mentioned the splendid researches of Duchenne of Boulogne,* which 

restate Winslow’s idea in even more categorical terms by claiming a 

simultaneous contraction of agonist and antagonist muscles during the 

production of motion. Duchenne in describing this phenomenon 
employed the term “harmony of the antagonists”. (harmonie des antag- 


3. Winslow: Exposition anatomique de la structure du corps humain 2:43, 
1776. 

4. Duchenne, G. B. A.: Orthopedie physiologique et pathologique ou 
deductions pratiques des recherches electro-physiologiques et pathologiques sur 
les mouvements de la main et du pied, Bull. de Therap., 1857, Vol. 2; Traité 
d’electrisation localisée, Paris, 1872; Physiologie des mouvements. 
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onistes). His communication has an importance equal to that of 
Winslow, and for this reason the paragraphs bearing on the subject are 
reproduced in extenso. 


We find that when an elastic force is substituted for paralyzed muscles 
whose antagonists have more or less retained their mobility, the injured limb 
can be extended and flexed, either gradually or more or less quickly and by 
degrees, so as to carry on its function almost as certainly as if it actually 
possessed its own muscles. 

Our problem now concerns those whose forearm flexors are paralyzed. If 
[ bent the forearm on to the arm without their volition, then, let it go suddenly, 
the flexion occurred quickly. This proves that the strength of the elasticity 
exceeded the tonic power of the triceps. After having again extended the 
forearm, I induced the patients to flex it either rapidly halfway, or slowly and 
gradually, and they could immediately perform these various movements as 
instructed. This experiment made clear to me that the triceps ceases to be 
quiescent at the moment of voluntary flexion, viz., it is contracted suddenly 
(a fact which I ascertained definitely by touching it) and that it is finally 
relaxed to modify the elastic force in accord with the patient’s will. 


He adds: 


This is not the result of a kind of schooling consisting of relaxing the 
antagonistic muscle after having contracted it voluntarily. In fact, such 
patients (children and adults alike) do this easily the first time the apparatus 
is used on them. 


He therefore draws the following conclusion from these experiments : 


The preceding facts, I think, show on how flimsy a basis is founded the 
doctrine of the inaction of the antagonistic muscles during voluntary move- 
ments; on the contrary, they prove that the movements are the result of a 
double nervous action which I have called “harmony of the antagonists.” This 
nervous action causes, on the one hand, the contractions of the muscles which 
produce these motions, and on the other, the immediate and parallel contrac- 
tions of the muscles called antagonists which modify and stabilize them. 


The conception originally put forward by Descartes received the 
distinguished support of Charles Bell® in 1823, who furnished the first 
evidence tending to establish the teaching which, in this discussion, is 
referred to as that of the English school. Bell’s statement appeared as 
a footnote in the 


“Philosophical Transactions,” and is as follows: 

The nerves have been considered so generally as instruments for stimulating 
the muscles, without thought of their acting in the opposite capacity, that some 
additional illustration may be necessary here. Through the nerves is established 
the connection between the muscles, not only that connection by which muscles 
combine to one effort but also that relation between the classes of muscles 
by which the one relaxes and the other contracts. I appended a weight to a 
tendon of an extensor muscle which gently stretched it and drew out the 
muscle; and I found that the contraction of the opponent flexor was attended 
with a descent of the weight, which indicated the relaxation of the extensor. 


5. Bell, C.: Anatomy and Physiology of the Human Body, Philosoph. 
Trans. Roy. Soc., London, Ed. 7, 1823, p. 110. 
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The English physiologist Pettigrew® in 1873 came to a similar 
conclusion. 
He states: 


Hitherto, and by common consent, it has been believed that whereas a flexor 
muscle is situated on one aspect of a limb, and its corresponding extensor 
on the other aspect, these two muscles must be opposed to and antagonize 
each other. This belief is founded on what I regard as an erroneous assump- 
tion, viz., that muscles have only the power of shortening, and that when one 
muscle, say the flexor, shortens, it must drag out and forcibly elongate the 
corresponding extensor, and the converse. This would be a mere waste of 
power. Nature never works against herself. There are good grounds for 
believing that there is no such thing as antagonism in muscular movements; 
abductors and adductors, pronators and supinators, being simply correlated. 

Within these muscular cycles the bones, or extraneous substances to be 
moved, are placed, and when one side of a cycle shortens, the other side 
elongates. Muscles are therefore endowed with a centripetal and centrifugal 
iction. . . In the extremities of animals, the centripetal or converging 
muscular wave on one side of the bone to be moved, is accompanied by a 
corresponding centrifugal or diverging wave on the other side; the bone or 
ones by this arrangement being perfectly under control and moved to a hair- 
breadth. The centripetal or converging, and the centrifugal or diverging waves 

f force are, as already indicated, correlated. Muscles virtually possess a 
pulling and pushing power. 


Brticke,’ in 1877, however, rather emphatically reverts to the belief 


if Winslow and Duchenne with reference to the simultaneous contrac- 
tions of antagonists, which he says take place in such actions as “draw- 
ing, or in playing the fiddle and where slow movements with only slight 
opposition take place with great precision and sharply defined range in 
motion.”’ Under these conditions, the antagonists come into play together 
with the principal muscles. 

Rieger,’ in 1882, was of the same opinion, particularly with reference 
to more precise movements. 

We are indebted to the thorough researches of Beaunis ® in 1885 and 
1889 and of Demeny *° in 1890 for the first extensive laboratory and 
experimental tests by means of which it was demonstrated that in the 


6. Pettigrew: Lectures on the Physiology of the Circulation in Plants, in 
the Lower Animals and in Man, Edinburgh M. J., January and February, 1873. 

7. Briicke: Ueber willkiirliche und krampfhafte Bewegungen, Academy of 
Vienna, 1877. 

8. Rieger: Ueber normale und kataleptische Bewegungen, Arch. f. 
Psychiat. 13:435, 1882. 

9. Beaunis, H.: Gaz. méd. de Paris, July 11, 1885, No. 28, p. 326. Recherches 
Physiologiques sur la Contraction Simultanée des Muscles Antagonistes, Arch. 
de Physiol., Normale et Patholog., 5me Series, I, 1889, p. 55. 

10. Demeny: Du role mechanique des muscles antagonistes, Arch. de 
physiol. Ser. 5, 2:747, 1890. 
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main, during the movement of voluntary muscles, there is simultaneous 
contraction of the antagonistic muscles. 

Beaunis’ experiments were performed on the frog, guinea-pig, rabbit 
and dog. The method employed was as follows: In the case of the 
frog, the animal was attached in the ordinary manner on a platform 
of a double myograph. The superior end of the tibia was fastened with 
a strong pin and the superior extremity thus immobilized. The tendon 
of the gastrocnemius was isolated and connected in the usual way to a 
myographic lever. The antagonistic muscle, either the anterior tibial or 
the peroneal, was treated in a similar manner, thus isolating their con- 
tractions and making them independent of each other. The animal was 
otherwise intact or else the brain more or less removed. For mammals, 
the general arrangement was the same except that instead of a pin, a 
bolt of solid iron was used to fasten the tibia so as to immobilize the 
lower limb, which is an essential point in this experiment, the inferior 
tendons of the two antagonistic muscles, usually the gastrocnemius and 
anterior tibial, being attached to levers with Marey tambours. The 
animals thus prepared provided material for a series of stimulations to 
determine reflex contraction from the skin, mucosa, viscera, sensory 
nerves, etc., electrical, chemical and mechanical stimuli being employed. 
At other times only the contractions produced spontaneously by the 


animal were recorded. Beaunis’ interpretation of the kymographic 
tracings thus obtained is as follows: 


1. The beginnings of two contractions in the muscles investigated 
are almost always simultaneous. Sometimes there is a slight retardation, 
but that is exceptional. 

2. The ends of the contractions are not always simultaneous as are 
the beginnings. It should be remarked also that it 1s often difficult to 
define exactly the moment when the contraction ends, the muscle taking 
a certain time to pass from contraction to relaxation. 

3. The height of the curve which measures the degree of shortening 
of the muscles represents great variations when examined comparatively 
at a given moment. 

4. The periods of ascent and descent of the curve correspond in 
general in the two tracings, and the differences relate only to the degree 
of shortening of the muscles. 

5. The duration of the two contractions is in general identical, but 
there are sometimes differences. 

6. The form of the two curves of contraction, according to the pre- 
ceding findings, presents differences which may be rather accentuated. 
In this must be considered the greater or less rapidity in descent and 
ascent of the curve, the greater or less regularity of the partial stimuli 
and fusion of the stimuli. 
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7. There is not always a simultaneous contraction of the antagonistic 
muscles. Sometimes the antagonist remains motionless and does not 
contract at all, as in the classic view of Galen. However, this is the 
exception. 

8. In a certain number of cases, relatively small, instead of an antag- 
onistic muscular contraction, there is a reflex muscular relaxation. 
This reflex relaxation seems to enter into the phenomenon of inhibition 
which plays so large a role in nerve physiology and pathology. Yet in 
spite of all attempts, Beaunis could not determine in a precise manner 
the experimental conditions necessary for this relaxation so as to pro- 
duce it at will. 

His analysis seemed therefore to show three distinct varieties of 
intermuscular relation during contraction: First, the antagonists or 
groups of antagonists contract simultaneously. This is the normal case 
and according to Beaunis, by all means the most frequent. Second, a 
single one of the two muscles may contract while the other remains 
motionless. This is an exception. Third, one of the muscles contracts 
ind the antagonist lengthens and relaxes. It is difficult to say with what 
frequency this occurs, but it must be regarded as an exception demand- 
ing further study to determine its nature and significance. 

Beaunis concludes one of his extremely important papers on this 
subject with the following footnote, which takes its interest not only 
from the distinction of the noted correspondent whose testimony it 
conveys but from a personal observation of particular relevancy on 
iccount of the qualifications of the observer as a physiologic expert : 

Even at the moment when I was correcting the proof of this paper, I 
received a letter from Monsieur Brown-Séquard which I transcribe in part. 
The reader will here find an observation made by Monsieur Brown-Séquard 
about himself, which confirms in a remarkable way the conclusions of my work: 
“Since 1840 the middle finger of my left hand has been deprived of its deep 
flexor tendon. This finger could be flexed with the aid of the other hand and 
remain in the flexion position so long as I did not make any effort at flexion 
or extension with the other fingers. As soon as I attempted to make one or 
the other of these movements, my middle finger went into forced extension. 
However, at other times there was an extensor action of the middle finger 
(deprived of its deep flexor) whether I attempted to make flexion or extension 
of the other fingers.” 


Demeny,’® in 1890, analyzed the relation of the flexors and extensors 
of the forearm during various movements of flexion and extension. He 
obtained simultaneous records of reaction in the brachial biceps and 
triceps by means of a recording device of Professor Marey. Two 
exploratory myographs were held against the arm by rubber sheeting. 


These contained springs which were in contact with the skin by means 
of a button of small diameter. By this method he studied the synchro- 


4 
ait 
i 
‘Ui 


296 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


nism of the antagonistic muscles in the three states which they may 


present: first, the condition of static contraction; second, the condition 
of contraction with shortening; third, the condition of contraction with 
elongation. 

In static contraction of the antagonists, the muscles act synergically 
and thus immobilize the forearm. The tracings obtained in this way 
show that the two muscles are in a state of variable tension. They react 
on each other and are the seat of rapid vibrations. Demeny made 
extensive studies of muscular contraction in several different types of 
motion, such as those he calls natural movements, that is: (1) “slow 
flexion and extension,” (2) rapid movements, (3) abrupt movements 
with sudden stopping and movements with variable speed. He also 
employed movements against resistance and repeated to and fro move- 
ments. From his observations, he made certain deductions concerning 
intermuscular reactions: 

In static reactions in which two muscles act to immobilize a part, 
the antagonists contract synergically either to render a bony segment 
immobile or to prevent the destruction of articular surfaces when the 
two segments are in mutual prolongation. 

If there is static resistance against an effort which tends to produce 
flexion or extension, the antagonists of this movement relax. The 
antagonists also relax during movement whenever an external resistance 
acts in the sense that it may be overcome by the muscles working against 
it, whether they contract or undergo elongation. In all natural move- 
ments, however, there is a general synergy of the antagonists, that is 
to say, they contract simultaneously. In the movements of slow and 
uniform speed, there is also a simultaneous action of the antagonists. In 
movements of variable speed, the antagonists act as moderators of the 
speed and enter into the play a little before the movements have ceased. 
Both Beaunis and Demeny held the opinion that the muscles in an 
antagonistic group under most conditions contract simultaneously. 

A sharp contrast to this point of view, however, was developed by 
subsequent English studies. Beevor,’' in his Croonian lectures, in 1904, 
and also in the contribution on muscular action, in 1891, maintained 
that from his observation, particularly in strong movements against 
resistance, the antagonists are always relaxed. He writes: 

This power of relaxing a group of muscles by getting the patient to power- 
fully contract the antagonists against resistance, I have for some time employed 
for clinical examination. The cases in which it is most useful are in affections 
in the region of the shoulder joint, where a patient is unable to abduct the 

11. Beevor, C. E.: On Some Points in the Action of Muscles, Brain 14:51, 
1891. Muscular Movements and the Representation in the Central Nervous 
System, Vroonian Lectures, Royal Coll. Phys., London, 1904, p. 52. 
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arm without the inferior angle of the scapula moving outwards at once. This 
is a sign that either the deltoid is paralyzed or that, owing to painful rheumatic 
changes, the joint is kept fixed by the muscles about it, or that the joint is 
ankylosed. If, in the second case, the deltoid be one of the fixing muscles, it 
can be relaxed by first passively abducting the humerus as near the horizontal 
line as possible, and then directing the patient to actively adduct the humerus 
against resistance, when the deltoid will be felt by the finger and thumb placed 
on either side of it to be relaxed; on then again directing the patient to try 
and keep the arm abducted the deltoid will be felt to contract, thus showing 
that the deltoid is not paralyzed. 


In his summary on this point, however, he finds himself in part at 
least in agreement with Winslow, believing that “in all movements where 
there is resistance to the movement or where the weight of the limb has 
to be moved against gravity, the antagonists do not act.” In citing a 
special case, Beevor makes the statement that: 


On rotating the head slowly or quickly I am unable to find either on inspec- 
tion or on palpation that there is any contraction of the right sternomastoid 
n any part of the movement. . . But in unopposed movements of rotating 
the head to the right where gravity does not act I cannot find that there is 
ny action of the right sternomastoid, the antagonist to this movement. 


The English interpretation has unquestionably become most definitely 
crystallized by the splendid experimental work of Sherrington ** as a 
result of which the functional relation of the antagonistic muscles to 
each other is attributed to “reciprocal innervation.” For the sake of 
exactness it seems desirable to quote the following passage from Sher- 
rington’s “Integrative Action of the Nervous System :” 


The result of excitation of the appropriate focus in the cortex, e. g., that 
presiding over extension of the elbow, is an immediate relaxation of the biceps 
with active contraction of the triceps. As regards the condition of the biceps, 
the relaxation is usually so striking that merely to place the finger on it is 
enough to convince the observer that the muscle relaxes. The following is, 
however, a good mode of studying the phenomenon: In the monkey with 
strongly developed musculature, the forearm, maintained by the above-mentioned 
steady tonic flexion at an angle with the upper arm of somewhat less than 90° 
is lightly supported by the one hand of the observer, while with the finger and 
thumb of the other the belly of the contracted biceps is felt through the skin. 
On exciting the cortex the contracted mass becomes suddenly soft, melting 
under the observer’s touch. At the same time the observer’s hand supporting 
the animal’s forearm tends to be pushed down with a force unmistakably 
greater than that which the mere weight of the limb would exert. If the 
triceps itself be felt at this time, it is easy to perceive that it enters contrac- 
tion, becoming increasingly hard and tense, even when its points of attachment 
are allowed to approximate, and the passive tensile strain in it should lessen. 
If the limb be left unsupported the movement is one of simple extension at 


12. Sherrington, C. S.: J. Physiol. 17:28, 1894-1895. Integrative Action of 
the Nervous System, 1906. 
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the elbow-joint. On discontinuing the excitation of the cortex the forearm 
usually immediately, or almost immediately, returns to its previous posture ot 
flexion, which is again as before steadily maintained. 

Similarly with other groups of antagonistic muscles, both those of the small 
apical joints of the limb, e. g., flexors and extensors of the digits, and those 
of the large proximal joints, e. g., adductors and abductors of the shoulder. 
At these also instances of reciprocal innervation were obtained. By antagonistic 
muscles I mean only what are termed true antagonistics; I do not include the 
cases where one muscle fixes a joint enabling another muscle to thus act better 
on another joint—H. E. Hering’s pseudoantagonists. Hering has carefully 
analyzed the coordination of such pseudoantagonists in the action of clenching 
the fist. He has shown that when that movement is evoked in the monkey by 
excitation of the cortex cerebri the extensors of the wrist are thrown into 
action simultaneously with the long flexor of the fingers. But there was no 


evidence that the true antagonists were ever thrown into simultaneous activity. 


Sherrington’s much quoted and excellent experiment on the eye 
muscles may be added in this connection. It is doubtful whether so 
brief an experimental note as the one in which the report of this experi- 
ment is contained ever conveyed a more telling and well nigh indis- 
putable argument. In this experiment the third and fourth cranial 
nerves were sectioned on one side, concerning the results of which the 


report continues: 


In my previous note it was stated on the strength of observations extending 
to not longer than 48 hours after the performance of section of the nerves, that 
the inhibition occurs in volitional lateral deviation as well as under experi- 
mental excitation, but less perfectly. I have now observations made after com- 
plete recovery from the operative disturbance. In these animals (two) it 
the gaze was attracted to an object, e. g., food, held level with the eyes and 


to the right of the median plane (left third and fourth nerves cut), the left 


eye looked straight forward, the right looked to the right. If the object was then 
shifted more to the right or less to the right, the right eye followed it moving as 


the object was moved, while the left eye remained motionless looking straight 
forward all the time. But, when the object was held to the left of the median 
plane both eyes were directed upon it, apparently quite accurately. When the 
object was shifted further and further to the left both eyes followed it with a 
steady conjugate movement not detectably different from the normal. When 
the object was carried from the left-hand verge of the field back toward the 
median plane both eyes followed it as accurately as before. If the object was 
moved suddenly from the extreme left-hand edge of the field up to the median 
plane both eyes immediately and apparently equally quickly reverted to 
parallelism with that plane. Or, if the object were suddenly brought back 
from the left edge of the visual field to some point intermediate between that 
and the median plane both eyes at once shifted apparently equally quickly 
to a correspondingly diminished deviation from the primary position. These 
actions must mean that in the left eye relaxation of the rectus externus kept 
accurate time and step with contraction of rectus externus of the right eye. 
And the action of the left rectus externus gives presumably a faithful picture 
of a synchronous process going forward in'the right rectus internus. From the 
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above it seems clear that this inhibition which can be elicited by experimental 
excitation of the grey cortex and of the underlying white matter is fully and 
habitually exercised in volitional eye movements. 
The most recent and perhaps most important contribution to the 
investigation of the ccordination of muscles in the performance of 
voluntary movements is the electromyographic study of voluntary move- 
ments made by F. Golla and J. Hettwer ** in the pathologic laboratory of 
\laudsley Hospital, London. In this study, objection is made to all 
forts to determine the intermuscular relation by means of levers and 
tambours, and quite as active is the objection to the mere observation by 
the sense of touch as being indicative of the status of various muscles 
mcerned in voluntary movements. Any mechanical method of record 
must necessarily be fallacious, according to the view of these investiga- 
rs. The method that is applied in this particular research is an attempt 
investigate muscular coordination in voluntary movement by means 
f muscle action current and muscle sound. The method involves the 
ectrical recording of contracting muscles in a human subject by means 
electrodes which do not suffer displacement with movement and 
hich permit the exclusive recording of electrical changes taking place 
a selected superficial muscle. For this method an electrode was 
evised to fasten on the skin by suction. A disk one-half inch in diam- 
ter was made so as to present on its under surface a peripheral groove 
rom which the air could be exhausted and a central cavity blocked with 
. cork through which was thrust a gilt needle electrode. Once the disk 
vas made adherent to the skin by the exhaustion of the air in the 
peripheral groove, the needle electrode was plunged down through the 
kin into the substance of the muscle to be investigated. The sharp 
needle causes no discomfort to the subject. The current from each 
muscle studied was led off by a pair of these electrodes inserted one 
bove and one below the nervous equator of the muscle. A galvanometer 
with two strings was used, and thus it was possible to record simultane- 
ously the action current of any pair of selected muscles. For the 
purpose of recording muscle sounds a single ebonized disk similar in 
character to that used with an electrode was employed. The central 
disk holding the needle and electrode was, however, removed, and a 
metal tube inserted which communicated by a length of rubber tubing 
with a microphone. The microphone current was led through a tele- 
phone receiver which was clamped face to face with a second receiver, 
only a single steel disk lying between the magnets of the two receivers. 
The movements of the disk resulting from the microphone current 
passing through the aperture of the first receiver induced the current to 


13. Golla, F., and Hettwer, J.: A Study of the Electromyograms of 
Voluntary Movement, Brain 47:57, 1924. 
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the second receiver, which was led off through the string galvanometer. 
By this means, the muscle sounds of a pair of muscles could be recorded. 
Later, a hot wire sphygmograph was substituted for the telephone, but 
proved on the whole less satisfactory. 

These observations were recorded from normal subjects, and the 
results represented in each instance the mean of a large number of 
experiments. The actual time relation entering into the activity of the 
various muscles has of course only a relative and not an actual value. 
Voluntary movements at the ankle joint, at the knee joint, at the wrist 
and elbow joints were carefully studied by this means, and these investi- 
gators report that the movements so far recorded have involved synergic 
contraction of anatomically antagonistic muscles. The only cases in 
which there was an apparent antagonism in the relation between the 
muscles were in the activity of the biceps and the pronator radii teres, 
in the movements of supination and pronation. This, however, is not 
absolute, as shown by the fact that when an attempt was made to supinate 
or pronate against resistance, when the wrist was more firmly grasped by 
the observer, synergic action of supinator and pronator occurred. 

The simultaneous synergic contraction of both supinators and prona- 
tors when resistance is discounted, is obviously analogous to the triceps 
and biceps synergism which occurs when a weight is attached to the 
tendon. These observers conclude that a study of the electromyograms 
and the electrophonograms of the muscles concerned in a voluntary 
movement illustrates not only the cooperation between anatomically 
antagonistic muscles, but their time relations and the magnitude of their 
response are adjusted with an almost infinite variation to the different 
degrees of resistance that the voluntary movement may be called on to 
overcome or to the velocity with which it is performed. It seems, from 
a study of the latent periods of such modifications as may be induced in 
the course of the performances of a voluntary movement, that they 
are determined by subordinate and even spinal mechanisms. The 
effective mechanism of voluntary control appears to determine, in the 


first place, the nature, the velocity and force of any given voluntary 


movement, but plays no part in the determination of such modifications 
as may be necessary in the first instance to deal with such variations of 
the environment as may be encountered during the performance of the 
movements. | 

The photographs illustrating this article bear a striking resemblance 
to our own kymographic records obtained by a mechanical method. We 
feel also that the results of this observation so largely coincide with our 
point of view as to leave but few discrepancies between our own position 
and that of the last named observers. This applies not only with ref- 
erence to the probable central controlling mechanism concerned in mus- 
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cular coordination, but to the allocation of the specific functions in the 
incentive and regulation of voluntary movement. We entirely concur 
with the concluding paragraph of Golla and Hettwer’s work, and feel 
that by the application of their method a new and perhaps a most reliable 
means of determining muscular status has been introduced into the 
problem with which we have concerned ourselves in this study. 

Our own experimental studies include two series of observations: 

1. Clinical experiments on normal persons as well as on patients 
suffering from certain organic diseases of the central nervous system. 

2. Laboratory experiments on monkeys and cats. 

METHOD AND EVIDENCE OF CLINICAL EXPERIMENTS 

The clinical observations were begun several years ago in collabora- 

tion with Prof. A. V. S. Lambert. They were undertaken especially to 


Fig. 1—Apparatus employed to obtain myographic tracings in normal sub- 
jects and in patients suffering from organic diseases of the nervous system. 


apply Sherrington’s conception of reciprocal intermuscular relation to 
disorders of the nervous system characterized by ataxia or some gross 
disturbance in voluntary motor control. At the outset, we were met by 
what seemed a surprising contradiction due to the fact that in our 
attempts to establish controls in the normal subject we were in no 
instance able to obtain the graphic evidence characteristic of “reciprocal 
innervation.” This discrepancy we were inclined to attribute to errors 
in our technic, but numerous repetitions of our tests with all possible 
precautions failed to reveal myographic tracings indicative of the 
contraction-relaxation phenomenon described by Sherrington. At length 
we were led to the view that in all voluntary movement both muscles in 
any given antagonistic group increased their tension, that is to say in 
the terms of Beaunis, “contracted simultaneously.” Such an antago- 


| 
| 
(Ar 
A 
ii 


302 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


nistic group was therefore in the strict sense physiologically synergistic, 


since two topographically opposed muscles actually cooperated by simul- 
taneously increasing their tension. We tested many groups of such 
antagonistic muscles both separately and in their combined action during 
some skilled act, always, however, with the same result. 

The method employed in our clinical study was as follows: 

specially devised tambours were so placed over the bellies of the 
muscles to be studied that the isolated contraction of each group might 
be kymographically recorded. Each muscle-tambour was connected 
with a writing tambour attached to a horizontally rotating drum. 
Records were then taken of the action of the individual synergic units 
such as the flexors and extensors of the forearm. In many instances, 
simultaneous records were made of all of the major groups of muscles 


Fig. 2—Myographs of a normal subject obtained while in the act of lifting 
a glass of water from the table to the lips. The curves indicate: 4, flexors 
of the wrist and fingers; B, extensors of wrist and fingers; C, flexors of fore- 
arm; D, extensors of forearm; E, pectoralis major; F, deltoid. 


of the upper extremity going into action during a simple voluntary act, 
as for example, lifting a mug of water from the table, drinking from it 
and replacing it again. Such an experiment in a normal subject is shown 
in Figure 1 ; simultaneous records were made of the extensors and flexors 
of the fingers and wrist, extensors and flexors of the forearm, abductors 
and adductors of the arm. 

The kymographic tracings of this experiment shown in Figure 2 
indicate that the muscles mentioned manifested a simultaneous increment 
in tension. Each group acted as a synergic unit during the performance 
of the act; that is to say, the flexors and extensors of the fingers and 
wrist contracted simultaneously, as did also the biceps and triceps and 
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the synergic group of the shoulder, the deltoid and pectoralis major. 
Phere was no evidence in any of these tests of a reciprocal relaxation, nor 
was such evidence obtained, although the test was repeated more than 
2 hundred times and on many different normal subjects. 

In Figure 2, the lower pair of curves indicates the reaction in the 
flexors and extensors of the fingers and wrist, the flexors in all cases 
eing placed below the extensors. The two curves immediately above 
re those of the biceps and the triceps, while the two upper curves were 
roduced by the pectoralis major and the deltoid muscles. The lowest 
urve is a signal line employed to mark the different stages of the 
oluntary act. 

From these facts we came to conceive of the somatic musculature as 

nsisting of a number of physiologically synergic groups, such as flexors 

nd extensors, abductors and adductors, pronators and supinators. Each 
roup of this kind is a working unit operating with such harmonized 
nergy under normal conditions as to merit the term synergic unit 
ready employed by one of the writers.’* 

Such a unit consists of two anatomically opposed muscles or groups 

muscles, one of which is the dominant element and determines the 

tion produced (corresponding to Winslow’s “motor muscle’’) ; the 
ther muscle is the check element (corresponding to Winslow’s “mod- 
‘ator muscle”). Our study of normal subjects made it appear that 
e dominant and the check element develop a proportional mutual 
crement of tension during action. The tension increment in the 
minant element was uniformly greater than in the check element, but 
e increment of the latter always bore a proportional relation to the 
rmer. Equally important was the proportional timing of this tension 
ncrement in the two elements. This involved not only the time when 
e increment made its appearance, but also the rate of its development 
ind the period of its duration. 

From this point of view at least two features appear essential to the 
normal operation of the synergic unit: 

1. The relative degree of tension increment; that is, the degree of 
force with which the muscles contract. 

2. The relative timing of the tension increment, including the rate 
and duration of contraction. 

Only in certain pathologic conditions of the nervous system was this 
proportional mutual relation disturbed. Patients suffering from mul- 
tiple sc‘erosis, cerebellar ataxia, chorea and choreo-athetosis were 
studied by this method. All of the diseases mentioned are characterized 
by definite outward signs of disarrangement in their motor exactness. 


14. Tilney, F., and Riley, H. A.: Forms and Functions of the Central 
Nervous System, Ed. 2, New York, 1923, p. 471. 
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Voluntary movements attempted by the patient are impaired by numer- 
ous adventitious oscillations due to irregularities in the amplitude, the 
force and the rhythm of muscular contraction. The proportional relation 
between the dominant and check elements of the synergic units acting 
is notably disturbed. This disarrangement results from an actual dis- 
sociation of the mutual tension and time relation of the muscles com- 
posing the synergic units. 

The graphic characters of this dissociation are illustrated in Figure 
3, showing the tracings of a case of multiple sclerosis. Here it is evident 
that the three groups of units investigated no longer act with the har- 
monious synergy shown under normal conditions in Figure 1. The 
groupings of muscles were the same as in the normal control, and the 
act performed was similar. The lower pair of tracings indicates the 
contraction of the flexors and extensors of the wrist and fingers. The 
middle pair represents the brachial biceps and triceps, and the upper 
pair records the activities of the pectoralis major and deltoid muscles. 


~ 


Fig. 3—Myographs of a patient suffering from multiple sclerosis, obtained 
during the performance of the act of lifting a glass of water from the table 


to the lips. The curves indicate: A, flexors of wrist and fingers; B, extensors 
of wrist and fingers; C, flexors of the forearm; D, extensors of the forearm; 
E, pectoralis major; F, deltoid. These curves indicate a marked asynergia 
in the operation of the several muscle groups tested. 


In the normal tests, when the subject first receives the command to reach 
out the hand and grasp the handle of the mug containing the water, the 
hand is immediately opened, causing an extension of the fingers and 
thumb as well as of the carpus in preparation to grasping the handle of 
the mug. There is then a simultaneous contraction in both muscles, as 
shown in the kymographic tracings. The brachial biceps and triceps at 
the beginning of the act of moving the arm toward the table also show 
a corresponding simultaneous contraction, as do the pectoralis major 
and deltoid. In the tracings taken from a patient suffering from mul- 
tiple sclerosis, this tendency toward simultaneous contraction appears 


uncertain, due to fluctuations in the tension increment of each synergic 


E 
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pair. Undoubtedly, the well-known intention tremor so commonly asso- 
ciated with multiple sclerosis is caused by such fluctuations of tension. 

In consequence of.this motor dissociation, the synergic units may be 
said to be in a state of asynergia. Intention tremor, one of the classical 
symptoms characterizing multiple sclerosis, typifies in a striking manner 
the asynergia which results from disturbance in the normal proportional 
relations in the tension increments of synergic units. Still more pro- 
nounced is this defect in the disease known as Huntington’s chorea. 
[racings from a patient suffering from this disease are shown in Figure 
+. The arrangement of the muscle curves is as in the last figure, the 
lower curves representing the flexors and extensors of the wrist and 
fingers, the middle set the biceps and triceps, respectively, and the upper 
set the pectoralis major and deltoid muscles. The choreic twitchings 
that the patient manifests not only in voluntary movement but often 
during periods of rest, constitute one of the well-known clinical features 


Fig. 4—Myographs of a patient suffering from Huntington’s chorea, obtained 
during the performance of the act of lifting a glass of water from the table 
to the lips. The curves indicate: A, flexors of the wrist and fingers; B, 
extensors of the wrist and fingers; C, flexors of the forearm; D, extensors of 
the forearm; E, pectoralis major; F, deltoid. These curves indicate an even 
greater degree of asynergia in the operation of the several muscle groups 
than the case of multiple sclerosis presented in Figure 3. 


of this type of chorea. The muscular twitchings are in reality often 
more pronounced even than in multiple sclerosis, and their records as 
shown in the kymographic tracings indicate how irregular is the func- 
tional relation of the muscles under these conditions. The degree of 
tension increment, as well as the time at which such increment occurs, 
is disarranged to such an extent that it is almost possible to visualize 
from the kymographic tracings the kind of irregular, unsteady and 
twitching movements the patient would present. 

These diseases are attributed to pathologic disorganization in the 


coordinative functions of the central nervous system. The pathologic 


lesions causing their clinical manifestations are usually allocated to the 
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cerebellar mechanism, either localized in the cerebellum itself or in its 
afferent and efferent connections. Equally striking are the kymographic 
tracings obtained from cases of cerebellar ataxia, owing to congenital 
smallness of the cerebellum (Nonne’s disease) or the result of gross 
changes in the cerebellum due to inflammation, hemorrhage, neoplasm 
and the like. The evidence afforded by such diseases as present well 
defined ataxia and choreiform movements seems to justify the contention 
that simultaneous contraction is necessary to the proper operation of the 
antagonistic groups of muscles during voluntary action. 

Certain mechanical objections may be urged against the validity of 
these myographic tracings as evidence. There is, in the first place, the 


difficulty of adjusting delicate myographic tambours to the surface of 


a part in such a way as to preclude the effects of movements imparted 


Fig. 5——Experimental equipment and illustration of method employed in 
obtaining myographic records of the muscle groups studied in animals. 


to the skin by the contraction of muscles other than the one presumably 
isolated for record. Equally derogatory to this method is the uncer- 
tainty in the exact isolation of a given muscle by means of a tambour 
applied over the skin. These criticisms, long recognized by workers in 
this field, made it desirable to control the observations thus obtained by 
some method which would assure more definitely the isolation of the 
muscles. 


METHOD AND EVIDENCE OF LABORATORY EXPERIMENTS 


The procedure in our experimental work with animals was as 
follows: The animal (cat or new world monkey) was given ether nar- 
cosis intratracheally, and the limb rendered immobile by passing two 
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small steel bolts through the bone. These bolts were secured to the 
operating table by means of adjustable screws. The security with which 
the limb is immobilized is a most important technical step. The slightest 
play in the limb is sufficient to invalidate the experiment. 

The tendons of a synergic unit were carefully isolated (as, for 
example, those of the tibialis muscle and of the gastrocnemius). This 
isolation requires exact dissection so that the fascial planes on the dorsal 
nd ventral surfaces of the limb shall be separated to prevent any trans- 
nitted tension. The dissection must avoid excessive irritation to the 
muscles involved, and especial care must be taken not to disturb the 
ierves. When the tendons are isolated, a linen thread is passed through ' 
ach of them, by which means each tendon is attached directly to a 
kymographic lever. An illustration of the method employed is shown 

Figure 5. By this means myographic records of the variations of 
nuscular tension in the synergic unit were obtained. Immediately before 

roceeding with the record, a medium-sized trephine opening was made 


Fig. 6—Normal cat. The myographic records illustrate the effects of cortical 


stimulation of the left motor cortex (leg area) on the right hind foot when 
th tendons of the synergic unit are intact. Upper curve, tibialis anticus; ; 
wer curve, gastrocnemius. The record is that of an apparent contraction- 
relaxation phenomenon. 


over the motor area of the cerebral cortex controlling the muscles under 

observation. The dura mater was removed and the motor cortex 

exposed. After a number of records had been made, the cerebellum was 

uncovered and traumatized by cautery, curet or deep incision. ai 
Numerous tracings were made prior to the introduction of the lesion 

in the cerebellum with the object of determining what variants might be 

produced under certain mechanical modifications. In all instances, the 

first record was made before either one of the two tendons had been 

detached from its insertion. Figure 6 illustrates the result of stimulating ; 

the leg region of the left motor cortex in a cat before either tendon was . 

severed. The tracing shows a definite rising curve for the tibialis anticus 

muscle and a synchronous falling curve for the gastrocnemius muscle. 
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This tracing has all the appearance of a contraction-relaxation phe- 
nomenon characteristic of reciprocal innervation. 

In order to determine whether this contraction-relaxation phenom- 
enon was apparent or real, the tendons of both muscles were detached 
from the bone. The muscles were thus permitted to act freely on the 
kymograph without regard to the part in which they normally produced 
motion. Figure 7 shows the kymographic tracings obtained from the 
synergic unit under cortical stimulation of the right motor cortex in a 
cat. The muscles investigated were the tibialis anticus, illustrated in the 
upper curve, and the gastrocnemius, in the lower curve. The base line 
is the signal indicating the time and duration of the electrical stimulus 


Fig. 7—Normal cat. The myographic records illustrate the effects of 
cortical stimulation of the right motor cortex (leg area) on the left hind foot 
when both tendons of the synergic unit are detached from their insertion. 
Upper curve, tibialis anticus; lower curve, gastrocnemius. The record is that 
of a synchronous co-contraction. 


applied to the cortex. In this case, both unipolar and bipolar stimula- 
tions were employed, with similar results in each instance, although less 
pronounced when unipolar stimulation was used. The experiment rep- 
resents what was observed in the majority of our tests. It was repeated 
more than fifty times in order to exclude all possible elements of error. 

In Figure 8, the kymograph was run at the highest rate of speed in 
order to bring out the details of the cocontractive phenomenon as dis- 
tinctly as possible. 
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The curves obtained from synergic units in the fore and hind limbs 
with both tendons detached were consistently of this cocontractive type. 
This was also true when but one of the two tendons was detached from 
its point of insertion. 


There was some question whether the surgical detachment of the 
tendons from their points of insertion might exert an abnormal influence 
on the contraction of the muscles. In order to eliminate this objection, 
preparations were made in which the tendons were allowed to remain 
intact. The mechanical factors incident to movement of the foot were 
then obviated by rigid fixation through the tarsus and os calcis. This 
prevented any dorsal or plantar movements of the foot which might 


Fig. 8—Normal cat. The myographic records illustrate the effects of 
cortical stimulation of the right motor cortex (leg area) on the left hind 
foot when both tendons are detached from their insertions. Upper curve, 
tibialis anticus; lower curve, gastrocnemius. In obtaining the record, the 
kymograph was run at full speed in order to procure greater details in the 
synchronous co-contraction. 


introduce adventitious elements so far as the actual muscular contraction 
itself was concerned. The results of cortical stimulation under these 
conditions produced as definite synchronous co-contraction in the two 
muscles of the synergic unit as when one or both tendons were detached 
from their points of insertion. It seems fair, therefore, to conclude that 
the tracings obtained after detachment of the tendons from the bone 
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indicated the actual changes in muscle tension and that the surgical inter- 
ference did not exaggerate or introduce adventitious features in the 
tracings thus obtained. 

In order to meet the criticism that electrical stimulation of the cortex 
in the anesthetized animal might not be sufficiently localized and by 
diffusion determine a contraction in the two muscles of the synergic unit, 
the effort was made to duplicate all of the tracings previously obtained 
without recourse to electrical stimulation. Even by the most careful 
unipolar stimulation of the cortex and with the most exact use of the 
inductorium, the criticism of current diffusion cannot be entirely escaped. 

In the less profound stages of anesthesia, animals frequently mani- 
fest many spontaneous movements. Such movements included rotation 
and extension of the head, flexion and extension of the limbs, truncal 
movements and irregular twitchings of isolated parts of the body. In 
nearly every experiment, the animal when under light anesthesia would 
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Fig. 9—Normal cat. The myographic records illustrate the effects of 
spontaneous movements in the right hind foot with both tendons of the 
synergic unit intact. Upper curve, tibialis anticus; lower curve, gastrocnemius. 
The record is that of an apparent contraction-relaxation phenomenon. 


manifest some of these spontaneous movements. Advantage was taken 
of this fact to record spontaneous movements of the fore or hind limb. 
Dorsiflexion of the foot, under these conditions, could be investigated in 
the light of the operation of the two groups of muscles that must partici- 
pate in the movement. These conditions also seemed to approximate 
normal as nearly as possible under operative limitations. 

In Figure 9 is shown the graphic record of spontaneous movement 
in the cat in which both tendons of the synergic unit remained attached 
to their points of insertion. The lower curve is the gastrocnemius, the 
upper curve is the tibialis anticus. The movement produced in this case 
was plantar flexion alternating with dorsiflexion. The record corre- 
sponds to that obtained by stimulation of the motor cortex before 
either one of the two tendons was severed. Comparatively speaking, 
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therefore, the kymographic tracings obtained as the result of stimulation 1 
of the motor cortex or produced by spontaneous movements when the : 


two tendons are still attached, are identical in all essential details. } 
When both tendons are detached from their points of insertion, the i 
two muscles of the synergic unit produce a tracing which shows a definite 1 


co-contraction in spontaneous movement. This is likewise true when 
only one of the two tendons is severed. A tracing of such spontaneous 
movement is shown in Figure 10, illustrating the kymographic record 


J 


Fig. 10—Normal cat. The myographic records illustrate the effects of 


spontaneous movements in the left hind foot with the Achilles tendon detached 7 

from its insertion. Upper curve, tibialis anticus; lower curve, gastrocnemius. 1 
The record discloses a well defined simultaneous contraction in the two 


muscles. 
a 


Fig. 11—Normal cat. The myographic records illustrate the effects of 
spontaneous movements in the left hind foot first with both tendons intact 
and the foot not immobilized. The record shows the results of immobilizing ; 
the foot and thus eliminating the mechanical factor of leverage. Upper curve, a} 
tibialis anticus; lower curve, gastrocnemius; foot immobilized at A. 


obtained from the gastrocnemius and tibialis anticus muscles when the 
tendon of the former (tendo achillis) had been detached from its point 
of insertion. Ina similar manner, when both tendons are intact and still 
attached to the bone at their points of insertion, with the foot rigidly 
immobilized, the attempt at spontaneous movement of the foot produces 
a tracing indicating a definite synchronous co-contraction of the two 
muscles of the synergic unit, as shown in Figure 11. 
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Records obtained as the result of spontaneous movements on the part 
of the animal in partial anesthesia seem to coincide with myographs pro- 
duced by electrical stimulation of the motor cortex (Fig. 12). 

Much difficulty was experienced in deciding what should be recog- 
nized as the normal synchronous co-contractive myographic tracing. As 
a rule, it was possible to indentify the normal curve as completely 
co-contractive ; that is to say, that type of curve which indicated pro- 
portional increments of tension in the check muscle during the entire 
period of contraction in the dominant muscle. Occasionally, however, 
the myographs indicated a partially co-contractive reaction ; that is, one 
curve showed an increment of muscle tension for only a part of the time 
in which the other muscle assumed and maintained its increment. In 
no experiment did all of the curves produced on the myographic record 
show a partial co-contractive phenomenon exclusively. In other words, 
during cortical stimulation or as a result of spontaneous movement, 
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Fig. 12.—Normal cat. The myographic records illustrate comparatively the 
effects of cortical stimulation and spontaneous movements in the left hind 
foot, with the Achilles tendon detached from its point of insertion. Upper 
curve, tibialis anticus; lower curve, gastrocnemius. The record shows the 
marked similarity in the co-contractive curves produced by stimulation and 
spontaneous movement. 


some of the myographic records might demonstrate at times a partial 
co-contraction in the two muscles of the synergic unit. But even under 
these conditions, most of the tracings obtained from such an experiment 
would reveal a synchronous co-contraction in the synergic unit. There 
were several varieties of the partial co-contraction observed, which may 
be enumerated as follows: 

1. Partial initial co-contraction is the response in which the dominant 
muscle produced its usual tracing on the kymograph while the check 
muscle started its contraction simultaneously with the dominant muscle 
but maintained its increment of tension only for a short period, this 
increment disappearing considerably before the increment in tension in 
the dominant muscle had ceased to be present. 
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2. The second case is represented by tracings indicating a partial 


intermediate co-contraction, in which instance the dominant muscle gave 
a tracing of the usual character, while the check muscle manifested an 
increment in tension some time after the appearance of such increment 
in the dominant muscle; furthermore, this check increment in tension 
disappeared before the increment had disappeared in the dominant 
muscle. 

3. A third and least frequent modification in co-contraction is the 
partial terminal co-contraction in which the check element manifests its 
tension increment toward the end of the tension increment in the 
dominant muscle. 


KYMOGRAPHIC TRACINGS AFTER EXPERIMENTAL LESIONS 
IN THE CEREBELLUM 
In order to determine what, if any, relation the cerebellum bore to 
the regulation of synchronous co-contraction, different portions of the 


Fig. 13—Cat with deep incised lesion in the left cerebellar hemisphere. 
fhe myographic records illustrate the effects of cortical stimulation of the 
right motor cortex (foot area) on the left hind foot in consequence of cere- 
bellar injury. Upper curve, tibialis anticus; lower curve, gastrocnemius. The 
record discloses a marked dissociation in the contraction of the two muscles, 

e. a well defined asynergia. Both tendons were detached from their 
insertion. 


organ were traumatized ipsilaterally with the muscles whose action was 
under investigation. The parts of the cerebellum destroyed were the 
extreme lateral portion of the lateral lobe, the vermis, or one entire half 
of the cerebellum from the midline to the periphery. Several means 
were employed for introducing these lesions, such as deep incised lacera- 
tions by means of knife and curet, actual extirpation, or limited surface 
lesions due to actual cautery. After the experiment, the brain was 
removed and the tissue cleared in phenol so that the extent of the lesion 
might be estimated. Reference will be made to the more exact topog- 
raphy of these lesions in a subsequent study dealing with the problems 
of cerebellar localization. 
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The effects of a deep incised laceration in the left lateral lobe of the 
cerebellum on the operation of the synergic unit of the left hindleg are 
shown in Figure 13. In this case, the tendons of the synergic unit (the 
tibialis anticus—upper curve 


and gastrocnemius—lower curve) were 
detached from their points of insertion. The cerebellar lesion was intro- 
duced at the time of this experiment ; the motor cortex on the right side 
was exposed and the area of the right leg region stimulated by a bipolar 
electrode. ‘There was immediate evidence of dissociation in the action of 
the synergic unit. The muscles no longer contracted synchronously, and 
their co-contraction was definitely disturbed. The increment in tension 
did not develop in the tibialis anticus at the same time or at the same rate 
as it did in the gastrocnemius muscle. This constitutes an asynergia 
due to asynchronism in the increment of tension. Figure 14 shows 
another portion of the record of the same experiment, in which the time 
dissociation is even more pronounced. Here also, to some extent, there 
is a disparity in the degree of tension increment in the two muscles, 
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Fig. 14—Cat with deep incised laceration in left cerebellar hemisphere. The 
myographic records illustrate a marked dissociation in the action of the synergic 
unit due to cerebellar injury. Upper curve, tibialis anticus; lower curve, 
gastrocnemius; both tendons detached from points of insertion. Signal line 
indicates stimulation of right motor cortex (foot area). 


although, as in the previous illustration, this factor is not so conspicuous 
as the dissociation in time. 

In Figure 15 is shown the disorganizing effect of a cerebellar lesion 
in the right hemisphere produced four days prior to the experiment. In 
this case, the upper curve represents the tibialis anticus, and the lower 
curve the gastrocnemius, the tendons of which were severed at their 
points of insertion. The motor cortex was not stimulated. but the 
animal was allowed to produce spontaneous movements in a state of 
light anesthesia. These movements show a definite dissociation in the 
synergic unit, not only in point of the time relation of the unit, but quite 
as much with reference to the degree of tension increment in the two 
muscles. The record furnishes evidence of a combined disturbance in 
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the time and degree of tension increment in the muscles. The dis- 
turbance in the degree of tension increment appears more conspicuous 
than in the case of the cerebellar lesion previously cited. 

An interesting and important type of dissociation in the synergic 
init due to a cerebellar lesion is shown in Figure 16. The lesion was 


Fig. 15.—Cat with incised laceration in right cerebellar hemisphere intro- 

iced four days prior to experiment. The myographic records illustrate a 
irked dissociation in the action of the synergic unit during spontaneous move- 
nts. Upper curve, tibialis anticus; lower curve, gastrocnemius of right leg. 
th tendons were detached from’ their insertions. The records disclose a 
onounced asynergia affecting the increment of muscular tension both in 
ne and degree of contraction. 


Fig. 16—Cat with incised laceration in right cerebellar hemisphere introduced 
one day prior to experiment. The myographic records illustrate what is 
regarded as a dissociation in the action of the synergic unit under cortical 
stimulation. This dissociation appears as a contraction-relaxation phenomenon 
similar to that ascribed by Sherrington to reciprocal innervation. The record 
is here presented as evidence of a pathologic condition in the cerebellum. 
Upper curve, tibialis anticus; lower curve, gastrocnemius of right hind leg. 
30th tendons detached from their insertions. 


introduced in the right lateral lobe one day prior to the making of the 
experimental record. The upper curve represents the tibialis anticus, 
the lower curve the gastrocnemius. The tendons of both muscles were 
detached from their points of insertion. As a result of cortical stimula- 
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tion over the left motor area in the leg region, the kymographic tracings 
show a typical contraction-relaxation phenomenon. There is a rising 
curve in the case of the tibialis anticus and a corresponding falling curve 
in the lower tracing of the gastrocnemious muscle. This was the first 
occasion on which we noted tracings which bore any similarity to the 
reciprocal innervation described by Sherrington. We are not yet 
entirely convinced as to their significance; their occurrence in other 
experiments of this series led us to look on them as evidence of a 
pathologic dissociation in the normal operation of the synergic unit. 
For the time at least, we accept the contraction-relaxation phenomenon 
witnessed after lesion in the cerebellum as indicative of disorganization 
in the mechanism necessary to the synergic control of the muscles. 

A similar condition was observed in Figure 17, from a cat 
in which the right cerebellar hemisphere was lacerated nine days prior 
to the making of the kymographic record. The upper curve here repre- 
sents the tibialis anticus muscle, the lower curve the gastrocnemius. 
Both tendons were detached at their points of insertion and the records 


Fig. 17—Cat with deep incised laceration in the right cerebellar hemisphere 
introduced nine days prior to the experiment. The myographic tracings illus- 
trate a dissociation of the synergic unit in the right hind foot during spontaneous 
movements. Upper curve, tibialis anticus.; lower curve, gastrocnemius. Both 
tendons detached from their insertions. The principal feature of this dissocia- 
tion is the appearance of the contraction-relaxation phenomenon. 


produced in consequence of spontaneous movement on the part of the 
animal. In this instance, not only is the contraction-relaxation phenom- 
enon shown as a result of a lateral lobe lesion in the cerebellum, but there 
are striking disparities in the relation between the contraction and 
relaxation. 

The results of experiments on a ring-tail monkey have an important 
bearing on the significance of the contraction-relaxation phenomenon. 
In this preparation, the flexor and extensor tendons of the carpus and 
fingers were exposed in the left upper extremity, and the extensor 
tendons severed at the wrist. The right motor cortex of the arm and 
hand area was stimulated by a bipolar electrode and a record made of 
the resulting muscular contractions. Figure 18 shows how exact was 
the synchronous co-contraction in this case. The cerebellum was then 


TILNEY-PIKE—MUSCULAR COORDINATION 317 


exposed on the left side, and an extensive lacerated lesion was produced 
in the left hemisphere. Immediately following the introduction of this 
lesion, cortical stimulation of the right motor area in the hand region 
produced the kymographic tracings seen in Figure 19, which afford a 
good illustration of dissociation in the synergic unit comprising the 


Fig. 18—Normal ring-tail monkey prior to lesion in cerebellum. The 
myographic tracings illustrate a synchronous co-contraction in the synergic unit 
comprising the carpal flexors and extensors of the left upper extremity under 
cortical stimulation of the arm area. Upper curve, carpal extensors; lower 
urve, carpal flexors. Tendons of extensors detached from their insertions. 


rr 


Fig. 19.—Ring-tail monkey after a deep incised laceration had been made 
in the left cerebellar hemisphere. The myographic tracings indicate a dissocia- 
tion of the synergic unit under-the influence of electrical stimulation of the 
right motor cortex (forearm area). Upper curve, extensors of left carpus; 
lower curve, flexors of left carpus. Tendons of the carpal extensors detached 
from their insertion. The records show a well marked contraction-relaxation 
phenomenon and also fluctuations in the tension increments of both groups of 
muscles after cerebellar lesion. 


flexors and extensors of the hand. Analysis of this record discloses 
certain interesting features concerning the type of dissociation in the 
synergic unit. Not only is there a pronounced development of the 
contraction-relaxation phenomenon, but both of the muscle curves in 
their tracings show considerable evidence of fluctuation in the time and 
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degree of tension. The asynergia resulting from the cerebellar lesion 
in this case does not, therefore, declare itself alone by the appearance of 
the contraction-relaxation curves. 


COMPARISON OF EFFECTS OF LESIONS IN VERMIS AND _ IN 
LATERAL LOBE OF CEREBELLUM ON OPERATION OF 
THE SYNERGIC* UNIT 

In one series of experiments, we endeavored to discover what dif- 
ference might exist between the effect of lesions in the vermis of the 
cerebellum as compared with similar lesions placed in the lateral lobe. 
While it may not be affirmed with full certainty that the results were so 
invariable as to warrant an unequivocal statement at this time, the 
kymographic records were suggestive of distinct differences in the effec- 
tiveness of cerebellar lesions according to their location. Superficial 
cautery lesions over one-half of the vermis, or including the entire cortex 
covering the vermis, in no instance produced demonstrable changes in 


tha 


Fig. 20—Cat after incision in the vermis of cerebellum. The myographic 


tracings illustrate a synchronous co-contraction following injury to the vermis. 
Upper curve, tibialis anticus; lower curve, gastrocnemius of left hind leg. 
Achilles’ tendon detached from its insertion. The myographic record produced 
by spontaneous movements demonstates the functional integrity of the synergic 
unit even after vermal injury. 


the kymographic tracings. In some instances, limited lacerated wounds 
on the surface of the vermis were similarly ineffective in disturbing the 
synergic relation of the antagonistic group of muscles studied. In a few 
experiments, deep incised and lacerated wounds of the vermis produced 
well defined disorders of synergy in the limbs and gave tracings indicat- 
ing disproportion in the tension increment in the appendicular synergic 
units. 

The results of an incised wound in the left half of the vermis cere- 
belli, shown in Figure 20, illustrate the tracings obtained from 
spontaneous movement in a cat immediately after the production of 
the cerebellar lesion. This experiment, like many similar tests of this 
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kind, discloses no appreciable disorganization in the action of the 
synergic unit. On the other hand, in the same animal, the lateral lobe 
f the cerebellum was cauterized on its occipital aspect, and the tracing 
shown in Figure 21 was made as a result of spontaneous movement. 
\Ithough the cerebellar lesion in the hemisphere was limited in extent, 
there was immediate evidence of dissociation in the synergic unit. 
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Fig. 21—Cat with cautery trauma of left cerebellar hemisphere added to 
evious incision of vermis. The ‘myographic tracings illustrate dissociation 
the synergic units in spontaneous movement. Upper curve, tibialis anticus; 
wer curve, gastrocnemius of left hind leg. Achilles’ tendon detached from 
insertion. 


Fig. 22—Cat after removal of left half of cerebellum by curet. The 
myographic tracings illustrate a marked dissociation of the synergic unit in 
pontaneous movement. Upper curve, tibialis anticus; lower curve, gastroc- 
nemius of left hind leg; Achilles’ tendon detached from its insertion. 


These observations, together with those already cited in connection 
with experiments shown in Figures 11, 13, 14 and 19, point to the fact 
that lesions in the lateral lobe of the cerebellum in the cat and new world 
monkey are more likely to produce disturbances in the synergic unit of 
the extremities than are lesions in the vermis. The removal of one-half 
of the cerebellum, including one-half of the vermis ipsilateral with the 
muscles investigated, also produces marked dissociation in the operation 
of the synergic units. Such an experiment on a cat is shown in Figure 22 
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The tracings indicate a marked disturbance in the tension increments 
of the muscles during spontaneous movements. 

A similar dissociation of the synergic unit is shown in Figure 23. 
In this case, the animal was decerebrated and the left half of the 
cerebellum removed. Kymographic records were obtained from the 
tibialis anticus, indicated by the upper curve, and the gastrocnemius, 
indicated by the lower curve. The tendon of the gastrocnemius was 
detached from its point of insertion. The tracings in this illustration 
indicate the effect of electric stimulation of the left inferior colliculus of 
the midbrain. They record a pronounced dissociation in the synergic 
unit. 


Fig. 23.—Decerebrated cat after removal of left cerebellar hemisphere. The 
myographic tracings illustrate the dissociation of a synergic unit under stimula- 
tion of the left inferior colliculus of the midbrain. Upper curve, tibialis 
anticus ; lower curve, gastrocnemius of left hind leg. Achilles’ tendon detached 
from its insertion. 


DISCUSSION OF THE EXPERIMENTAL EVIDENCE 

From the clinical experiments recorded by kymographic tracings, 
it was evident that the antagonistic groups of muscles operated as 
synergic units; in other words, the muscles of each synergic unit con- 
tract simultaneously during voluntary action. Clinical studies of patients 
suffering from cerebellar ataxia, multiple sclerosis, choreo-athetosis and 
Huntington’s chorea, all diseases characterized by a more or less marked 
degree of asynergia, manifested departures from this characteristic 
simultaneous contraction. 

The laboratory experiments made on animals for the purpose of con- 
trolling the observations on normal human subjects and patients suffer- 
ing from nervous diseases were in accord with the results of clinical 
experimentation. They confirmed in an emphatic manner the con- 
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ception of simultaneous contraction in the operation of synergic muscular 
units. It is essential, however, that the conditions governing these 
animal experiments should be carefully scrutinized in order to avoid the 
danger of certain confusing discrepancies. 

From all of the myographic records produced in these experiments, 
when the tendons of a synergic unit were intact, i. e., still attached to 
the bone, there arises the distinct impression that the antagonistic muscle 
relaxes when the dominant muscle contracts. This phenomenon cor- 
responds to the condition described by Sherrington as “reciprocal 
innervation.” It should be borne in mind, however, that the kymo- 
graphic record of the muscles contracting when their tendons are still 
attached at their points of insertion is only apparent evidence of a 
contraction-relaxation phenomenon ; for the mechanical conditions under 
which the muscles operate when both tendons are intact make it 
inevitable that one tracing should show a rising curve and the other a 
falling curve. The tendons from which the myographic tracings were 
obtained were still attached to the two ends of a lever whose fulcrum 
was the ankle joint. When one,end of this lever was elevated, in order 
to produce dorsiflexion of the foot, the other end was correspondingly 
depressed. The end of the lever that was elevated inscribed a rising 
curve while the end that was depressed produced a falling curve. The 
record in no sense then reveals what is actually transpiring in the mus- 
cular tissue thus investigated ; that is to say, it is not a true indicator of 
muscular activity. Indeed, it is more particularly the transcription of 
the mechanical factors in the experiment. The falling curve does not 
indicate a relaxation in the muscle whose action it aims to record and 
its value as an index of muscular tension is entirely offset by the 
mechanical conditions involved. It is this factor which has rendered so 
inaccurate and unsatisfactory all observations on the reciprocal reactions 
in muscles when the endeavor is made to determine their relative status 
by digital palpation or even by tambours over the muscles when the two 
tendons of insertion are still attached. Some of the misconception 
which has arisen in this connection derives not a little of its confusing 
effect from the interpretation applied to the term muscular contraction. 
It is usually conceived that when a muscle contracts it actually shortens, 
that is, the point of its insertion is drawn nearer to its point of origin. 
In the strict application of the term this is undoubtedly the case, for 
the word contraction of itself means a drawing together, so that if the 
point of a muscle’s insertion were not drawn nearer to its point of origin, 
it could not in the strict sense be said to contract. If, however, the word 
is permitted somewhat more latitude and taken to mean an increase of 
muscular tension, it becomes apparent that because of the elasticity 
inherent in muscular tissue, a muscle may develop an increment of 
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tension, that is, contract and at the same time elongate, that is, manifest 
an increase in the distance between its points of origin and insertion. 

The graphic records obtained from muscles whose tendons are still 
attached to their points of insertion under all conditions, whether the 
movements of the part were made passively or determined actively by 
stimulation, show the same characteristics, namely, a rising curve for one 
muscle and a falling curve for the other. 

From the standpoint of muscular activity this phenomenon might be 
explained in one of several ways, as follows: 

1. The rising curves may be due to increased tension of the muscles 
with shortening, while the falling curve is due to simple lengthening of 
the opposing muscles without change in the tension. 

2. The rising curve may be due to increased tension of one muscle 
with shortening in it, while the falling curve is caused by relaxation of 
the other muscle, that is, actual reduction of muscular tension and 
lengthening of the muscle itself. 

3. The rising curve may be due to increased tension of one muscle 
with shortening in it, with a corresponding increase of tension in the 
opposing muscle accompanied by lengthening. 

In order to test these possibilities and to determine which of them 
prevails as well as the order of frequency of their prevalence, it was 
necessary to eliminate the mechanical effects of leverage consequent on 
movements of the part to which the tendons are attached. This elimi- 
nation was accomplished in three ways: first, by severing both tendons 
from their points of insertion; second, by severing one tendon from its 
point of insertion and leaving the other intact; and third, by immobiliz- 
ing the movable part to which both tendons were connected. The result 
under all of these conditions was identical, namely, simultaneous con- 
traction. This simultaneous contraction of the muscles due to an incre- 
ment in muscular tension occurred as a result of cortical, peduncular 
and collicular stimulation by electricity, as well as in spontaneously 
produced movements. In no instance was there evidence of a relaxation 
in one muscle while the opposing muscle contracted. In a few cases, 
one muscle contracted and the other remained inactive; that is, it gave 
no kymographic tracing or other visible evidence of contraction. 

From these observations we were led to believe that simultaneous 
contraction is the rule in the great majority of cases in which muscles 
are voluntarily put in action. The contraction of one muscle in the 
antagonistic group may occur with inaction of the other muscle in a 
certain number of instances. Contraction of one muscle with relaxation 
of the other was not observed under the normal conditions of our 
procedure. By the designation normal in this connection is meant an 
intact central nervous system prior to the introduction of lesions in the 
cerebellum. 
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Some essential features concerning the nature of simultaneous con- 
traction of the muscles merit especial consideration. Such contraction, 
whether produced by stimulation or resulting in spontaneous movement, 
manifested definite interrelations in the relative degree of force and 
timing of the tension increments. In the matter of the force of the con- 
traction, the amplitude of the excursion in the kymographic tracing was 
tentatively taken as an index. When the electrical stimulation was 
minimal, the amplitude of the resulting curves was small. When, how- 
ever, stimulation was increased, the curves became correspondingly 
more ample. This contrast was also true in the case of vigorous or 
eble spontaneous movements. Yet in all instances the two curves 
ire a definite and proportional ratio to each other. When the dominant 
uscle produced a low curve, the check muscle followed it with a pro- 
rtionally low tracing. When the dominant curve was high, the check 
urve ascended in proportion. The apparent proportional ratio in degree 

f tension increment led us to use the term co-contraction as conveniently 
escriptive of this mutual tension relation. Equally important, however, 
the time relation manifested: by the two muscles in their mutual 
nsion increment. In the majority of our tests, the curves of the two 
ntracting muscles were synchronous, that is, their inception and their 
rmination were simultaneous, and they attained the summit of their 
vation at the same time. Synchronous co-contraction, therefore, 


signates the two principal features observed in the record of the 


muscles as they manifested their increment of tension under the condi- 


ions of our experiment. An exception to this observation we have 
already mentioned, in which only one muscle contracted. This, of 

urse, does not correspond to the conditions described as synchronous 
co-contraction, nor are we able to furnish any satisfactory explanation 
of its occurrence. 

Another type of tracing showing an exception to the foregoing rule 
has already been referred to in this paper as partial synchronous 
co-contraction. The several varieties of this phenomenon, namely, 
partial initial, partial terminal and partial intermediate co-contraction, 
have previously been described. While the appearance of these variants 
may seem to be actual departures from the definition of synchronous 
co-contraction, it is none the less possible that they represent physiologic 
sub-varieties of the synchronous co-contractive phenomenon. It is con- 
ceivable that in the case of partial initial co-contraction, the contractive 
energy in the muscle producing the movement may expend itself in the 
initial phase of the contraction so that the development of tension 
increment is confined chiefly to the inception of the movement. Under 
such circumstances, it would be necessary for such a suddenly rising 
increment in the dominant muscle to be met at its beginning by a cor- 
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responding rise in the check muscle. This need might disappear or 
diminish after the muscular energy had expended itself in the first rush 
of the movement. Similarly, it is possible that the major force of 
muscular contraction in a voluntary act may come at the terminal period 
of contractive activity, and at this instance require the influences of the 
check element to prevent excessive amplitude in the movement. So 
also in the case of partial intermediate co-contraction, the maximum 
muscular power may be exerted near the middle of the muscular con- 
traction and in this phase need the balancing influence of a proper check 
element which before or after this period would be in little or no demand. 

These three types of partial co-contraction may, for the present at 
least, be included as normal physiologic variants of the synchronous 
co-contractive phenomenon. Whether some other significance be 
attributed to them subsequently, may be disclosed by further experi- 
mental study. 

We have been much more perplexed by our continued failure to 
observe in all of our experiments under normal conditions anything 
approaching the contraction-relaxation phenomenon. At first we were 


of the opinion that our methods might be faulty or our procedure recal- 


citrant. We had a strong predisposition to accept Sherrington’s con- 
ception of “reciprocal innervation.” When, however, the experiments 
had been repeated many times and no evidence of the contraction- 
relaxation phenomenon could be elicited, especially since we were at 
great pains to eliminate all possible sources of error, an interpretation 
almost diametrically opposed to that of Sherrington seemed forced on 
us. More difficult still was it to reconcile the results of Sherrington’s 
experiment on the ocular muscles with our own observations. His 
efforts in this experiment, as well as our own, were directed toward the 
solution of the same problem. From the discrepancies between the 
results obtained by the two procedures, it appeared that the methods 
demanded careful scrutiny. 

In Sherrington’s experiment on the eye muscles, the functional 
integrity of an antagonist group is destroyed as a prerequisite, while in 
our procedure this integrity is preserved. 

In consequence of sectioning the oculomotor nerve, the internal 
rectus muscle, among other ocular muscles, is immediately paralyzed 
by Sherrington’s method. Physiologically, this paralysis permits the 
external rectus to act without the normal opposition of its natural antag- 
onist, and from the clinical standpoint produces an external strabismus. 
The paralysis of the internal rectus muscle, as well as the position of 
the eye in consequence of this paralysis, introduces a pathologic element 
into the experiment, which is absent under the conditions of our tests. 
The unopposed action of the external rectus causes a hypertonic con- 


TILNEY-PIKE—MUSCULAR COORDINATION 325 


traction in the latter muscle, a condition which tends more and more 
toward permanent contracture. It may be that the pathologic effects of 
paralyzing a protagonist muscle might be slight during the first few 
hours following section of the nerve; but these effects become more pro- 
nounced as time passes. In the course of a few days, the change in the 
muscle should be much more perceptible than in the earlier stages. In 
any event, the paralysis of the protagonist muscle introduces a pathologic 
element capable of modifying the normal conditions to the extent of 
producing a hypertonic contraction in the antagonist muscle. 

Furthermore, paralysis due to complete destruction of the third 
cranial nerve in man or the anthropoid ape causes a ptosis in the upper 
eyelid which may seriously interfere with observation of eye move- 
ments. Even if the drooping lid is artificially elevated by suture, a 

ertain degree of blephorospasm results in consequence of reflex con- 
traction of the orbicularis palpebrarum muscle. Movements of the 
eyeball are then extremely difficult to analyze and more difficult to define. 
(One of the writers, collaborating with Dr. A. V. S. Lambert, experi- 
need these difficulties in a series of studies directed toward the investi- 
ition of nystagmus some years ago. The apes employed in this study 
were Cynocephalis babuin. But even in these large simians and with 
the aid of cinematographic pictures, it was often impossible to decide 
whether certain eye movements occurred in consequence of oculomotor 
innervation or whether they were due to reflex contraction in the orbicu- 
lar muscles. The eyelid musculature must, therefore, be regarded as an 
important complicating factor which renders observation of eye move- 
ments not only difficult but extremely prone to error. 

The mere observation of eye movements in any direction as a reliable 
index of what is actually transpiring in the eye muscles under investiga- 
tion is at best an indirect method of study. It is possible that the inward 
movement of the eye whose internal rectus muscle is paralyzed may be 
the result of relaxation in the opposing external rectus produced by 
electrical stimulation of the motor cortex or even spontaneously deter- 
mined. But to accept such movements of the eye as more than circum- 
stantial evidence of the actual changes in intrinsic muscular tension, is 
accrediting such an experiment with testimony which it seems unquali- 
fied to bear. 

Apparently the only valid solution of this ocular problem would come 
as the result of investigating the tension changes in the eye muscles 
directly. In this way, all possible adventitious elements might be 
eliminated and the necessity of estimating changes in muscle tension 
through the proxy of eye movements would be wholly obviated. 
Whether Sherrington has subsequently added this more direct evidence 
to his oculomotor experiments, is not known to us. In attempting such 
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an experiment, we found that it required extremely delicate and com- 
plicated dissection. From the neuromuscular standpoint the mechanism 
of oculogyric and cephalogic movement is so exceedingly complex 
that it does not offer the most favorable territory for a satisfactory 
study of the interrelations in antagonistic muscles. For this reason, we 
confined our attention to the far more simple and more easily controlled 
conditions in the synergic units of the limbs. 

It would seem that an appeal to clinical experience in the field of 
oculomotor palsies should furnish abundant evidence in substantiation 
of Sherrington’s experiment. Whatever evidence there may be in its 
favor, however, does not seem to be preponderant. One of the writers 
whose neurologic practice has afforded considerable opportunity to study 
ocular palsies has never observed any movement in eyeballs whose 
muscles are paralyzed owing to complete lesion of the third and fourth 
cranial nerve nuclei. In order, however, to obtain a broad opinion from 
expert ophthalmologists covering this question, the following question- 
naire was prepared to cover so far as possible in a clinical manner the 
principal features of Sherrington’s experiment. This was sent to twelve 
eminent oculists. The question read: 


In case of complete left unilateral oculomotor (third nerve) and trochlear 
(fourth nerve) paralysis, producing divergent strabismus to the left, is there 
any movement of the eyeball when the patient’s gaze is directed toward the 
right? 


With one exception, the replies to this question were in the nega- 
tive. An opinion representative of those expressed is cited below: 


In paralysis of the left third and fourth cranial nerves there is no move- 
ment toward the right in the paralyzed eye; the contracture of the external 
rectus muscle turns the left eye in such a position that any adductive efforts 
are impossible. 


A recent communication from Professor de Schweinitz states that 
there is no movement of the eye under the conditions detailed in the 
questionnaire ; and he adds that “in support of this contention from the 
clinical standpoint I am sure that Duane’s opinion is the best one to 
quote, which I happily know coincides with my own.” 

The single exception mentioned above speaks hesitatingly of any 
movement in the paralyzed eye which, if present under the conditions 
stated, may be due to the physical drag of all the paralyzed muscles or to 
inhibition of the external rectus muscle. 

The failure to obtain unequivocal corroboration from clinical expe- 
rience with ocular palsies which occur in considerable numbers, in 
consequence of exquisitely circumscribed lesions in the midbrain nuclei 
of the eye muscles, leaves something to be desired in the significance of 
Sherrington’s oculomotor experiment. On the other hand, it is far 
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from our intention to minimize the great service of this brilliant experi- 
ment in this field of research. By many it is believed to furnish the one 
incontrovertible argument thus far offered. We desire simply to call 
attention to its limitation of applicability to the problem under considera- 
tion, that is, the functional interrelation of the so-called antagonistic 
muscles ; and also to point out certain reservations which should be made 
n its acceptance lest it be taken as a final dictum in a matter apparently 
requiring much further investigation. 

It is possible that some objection may be advanced against our inter- 
pretation of muscular interaction on the grounds that our results were 
obtained from the operation of what Hering*® terms “pseudo- 
antagonistic” muscles. Apart from recording our natural resistances 
against the employment of such metaphysical conceptions in scientific 

esignation, there are other reasons why this objection could not be 
ustained. According to Hering, the muscles which extend the wrist 
in order to aid the flexor muscles in producing flexion of the fingers are 
»seudo-antagonists. That they are false antagonists, is readily conceded 
because their action is so exquisitely cooperative. What advantage may 
e gained by the circumlocution which terms synergistic muscles false 
antagonists? A psuedo-antagonist is no antagonist and therefore is 
nonexistent. To us the idea seems so self-contradictory as scarcely to 
eed this comment. In our dissections, however, care was taken to 
isolate the tendons of the muscles which were anatomic antagonists 
in the strictest sense, e. g., the gastrocnemius and tibialis anticus. 


FUNCTIONAL RELATION OF THE SYNCHRONOUS CO-CONTRACTIVE 
PHENOMENON TO THE CENTRAL NERVOUS SYSTEM 

It is probable that the control of synchronous contraction is integra- 
tive in its nature and that several parts of the neuraxis contribute 
specific influences to its composition. Yet it would seem that a function 
so discrete as this control would demand some highly specialized organ 
of the nervous system for its organization and distribution. That the 
spinal cord is at least indirectly concerned in this function, there can be 
no question ; but that it contributes the essential elements to this control, 
is doubtful. Our experiments have not aimed to estimate the degree 
to which the spinal cord may be responsible for the function of 
synchronous co-contraction, although stimulation of the spinal cord after 
section immediately below the oblongata has determined simultaneous 
contraction of the muscles in the synergic unit. Under these conditions, 


15. Hering, H. E.: Ztschr. f. Heilk. 16: 1895; Arch. f. exper. Path. u. 
Pharmacol. 38:1896;: Pfluger’s Arch. 65 and 68: 1897; Neurol. Centraibl., 
No. 23, 1897; Pfluger’s Arch. 70: 1898; “Zur Theorie d. Nerventhatigkeit,” 
Leipzig, 1899; Wien. klin. Wchnschr., No. 23, 1899. 
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the increment of muscular tension develops without any appreciable 
gradation in time or force. The reaction is almost explosive in character, 
both in the suddenness of its appearance and the amplitude of its 
excursion. We are not, at present, prepared to discuss what comple- 
ment the spinal cord may contribute to the co-contractive phenomenon 
further than to state that it is not in our opinion the predominant organ 
of this function. 

In the case of the cerebral hemispheres, including the entire fore- 
brain (telencephalon and diencephalon), conclusions may more easily 
be drawn. The removal of the hemispheres in pieces or complete 
decerebration seems to cause little or no change in the appearance of 
the co-contractive phenomenon. After complete decerebration, the two 
muscles of the synergic unit retain their essential simultaneous con- 
traction either when the midbrain is stimulated by electricity or when 
the animal produces movements spontaneously. In the light of such 
experiments, it seems improbable that the end-brain or the interbrain 
contributes essentially to the co-contractive control of the muscles. 

It would hardly be expected that the newer portions of the cerebral 
hemisphere could be intimately concerned in such a primordial function. 
The addition of the neopallium came undoubtedly during an epoch long 
after the co-contractive relation of the muscles had been established in 
the lower vertebrates. Nor is there any indication that the optic thalamus 
or the corpus striatum plays a specific role in this function. The 
removal of the hemispheres down to the striate body effected no per- 
ceptible change in the co-contractive phenomenon of the synergic unit. 
Further removal of the corpora striata, leaving the thalami intact so far 
as possible, did not alter the appearance of the kymographic tracing. 
Thus the forebrain as a whole does not appear to be the principal 
organ controlling the simultaneous contraction of the muscles, and hence 
not the chief seat of muscular coordination. 

On the other hand, it must not be forgotten that the higher mammals 
employed in these experiments (cat and new world monkey) may not 
be adequate in furnishing the final solution of this problem, especially 
so far as muscular coordination in man is concerned. 

The process of telencephalization has been going forward with such 
steady progress that it would not be surprising to find more and more 
of the function of coordination delegated to the cerebral cortex in the 


higher primates, just as the functions of vision and hearing have expe- 
rienced similar delegation for the apparent purposes of synthetic 
expansion. Reliable conclusions in this matter of telencephalic relation 


to the function of coordination may be drawn only on the evidence sup- 
plied by experimental study of the higher anthropoids and intensive 
clinico-pathologic researches on man. 
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Although this study was not intended to investigate the relations 
of the midbrain to the function of muscular coordination, such evidence 
as it does supply in this respect would warrant the suggestion that the 
mesencephalon is not the principal seat of this function. 

Our observations, however, point much more convincingly to the 
cerebellum as the organ which primordially and primarily controls mus- 
cular coordination. Evidence of the cerebellar relation to the proper 
operation of the synergic unit seems direct and clear. With the cere- 
bellum intact, the synchronous co-contractive phenomenon is observed 
under all of the conditions determining muscular contraction in the 
experiment. With the cerebellum damaged or in part removed, definite 
alterations appear in the co-contraction of certain muscles, which must 
be regarded as departures from the normal interrelation essential to 
muscular coordination. 

As our studies have been directed to the action of the synergic unit in 
the fore and hind limbs, we are at present able to speak only of the cere- 

ellar relations to the appendicular musculature. The cerebellar relation 

to the axial muscles will be* considered subsequently after further 
investigation has been devoted to it. Our results confirm the long 
accepted proposition that the cerebellar control of the muscles is ipsi- 
lateral. It also reaffirms the view that there is a definite localization of 
function in the cerebellum so far, at least, as the central or vermal 
portion is less concerned with the control of the appendicular muscles 
than is the lateral portion or hemisphere. 

Destructive lesions of the lateral cerebellar lobes produce changes in 
the intermuscular reaction immediately after the introduction of such 
lesions. Focal cautery destruction of the surface of the hemisphere does 
not cause such marked disturbance in simultaneous contraction as deep 
lacerations or excisions in the lateral lobe. Focal cautery destructions of 
the surface of the vermis do not cause any appreciable change in the 
intermuscular relations. The synergic unit operates under these condi- 
ditions in the same manner as when the cerebellum is intact. Deep 
incised lesions or lacerations of the vermis in some cases produced dis- 


sociation in the kymographic tracings of the synergic unit, but usually 


when the brain was later placed in phenol it revealed hemorrhagic 
extensions of the injury into the lateral lobe or into the region of the 
dentate nucleus. Vermal lesions implicating the nucleus dentatus should 
not be regarded as sufficiently circumscribed to attribute any resulting 
disorder to disturbance of vermal function alone. The chief efferent 
conduction system of the cerebellum takes origin in the dentate nucleus, 
and a lesion involving the latter structure invalidates any conclusions 
which might be drawn from trauma intended as isolated implication 
either of the vermis or of the lateral lobes. It seemed warranted to con- 
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clude that the principal control of the appendicular musculature is vested 
in the lateral cerebellar lobe and that the vermal regulation of such 
muscles is of secondary importance. 

The character of the disturbance determined by a cerebellar lesion is 
especially worthy of note. These disturbances are primarily in the 
nature of actual dissociations in the operation of the synergic unit. Such 
dissociations declare themselves by alterations in the degree of con- 
traction and the timing of the contraction, as well as by the appearance of 
a contraction-relaxation phenomenon at times. 

The dissociation in co-contraction may be observed in movements 
determined by electrical stimulation of the motor cortex or spontaneously 
produced by the animal. In either event, the disproportion in the degree 
of tension increment in the two muscles of the synergic unit is at once 
obvious. The ratio which is normally maintained between the dominant 
and the check muscles is now entirely lost. At one instant, the check 
muscle may far exceed in amplitude the kymographic tracing of the 
dominant muscle, only to have this relation reversed in the next con- 
traction. The lack of regularity in the succession of such contractions 
is an added feature of this dissociation. The dissociation in time relation 
between the contractions of the muscles constituting the synergic unit is 
equally conspicuous. It is, indeed, the time element in the contraction 
of the check and dominant muscles which constitutes the most striking 
feature of disorganization in the synergic unit consequent on lesions in 
the lateral lobe of the cerebellum. So much thought and effort have 
heretofore been devoted to the matter of muscle tone in the question of 
coordination that muscle time has escaped its proper share of 
consideration. 


Accepting the principle implied in the conception of the synergic 
unit, it becomes apparent how essential it is that the dominant muscle 
of this unit be proportionate to the check muscle both in the extent and 
the time of their mutual contraction. It is equally obvious that dis- 
arrangement in either the extent or the time or in both of these together, 
may destroy the harmonious action of any muscle group. 

Lesions in the lateral lobe of the cerebellum produce another 
departure from the accepted normal tracing in some instances. This 
dissociation was in the nature of a synchronous contraction-relaxation 
phenomenon, so that from our point of view, whether this type of 
intermuscular relation ever exists under normal conditions, it may and 
often does represent a defect in the cerebellar control of coordination. 
Reference has already been made to this type of abnormal reaction. If 
a synchronous and a proportioned contraction in the dominant and 
check muscles of the synergic unit is requisite to normal muscular 
coordination, it becomes evident that the clinical symptom of ataxia may 
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result from disturbances in this fundamental relation. The normally 
coordinated voluntary movement may become ataxic in any or all of 
the synergic units which participate in its production. It may become 
dissociated in the time of the contraction or disproportionate in the 
degree of tension increment. A dominant muscle, for example, acting 
to produce flexion of the forearm might increase its tension to an extent 
that was not followed by its check muscle. The resulting excursion of 
the limb would be too great, hence requiring correction by the check 
muscle, which in its turn is excessive in the movement produced. The 
resulting motion would be an irregular series of oscillations not well 
suited to the purpose for which the movement was designed. If 
added to this there is a corresponding failure in timing the tension 
increments in the dominant and check muscle, the embarrassment 
in voluntary motion becomes still more pronounced. This in 
the true sense is an asynergia. It is a failure in cooperation of the 
synergic unit in the timing and in the degree of its tension increment and 
constitutes the essential disturbance underlying the clinical symptom 
of ataxia. Similarly, if the‘ check muscle instead of manifesting a 
synchronous contraction, undergoes relaxation, a state of asynergia is 
produced and ataxia here also results. 

The term synergia has been used up to the present time in a some- 
what different sense from that of its present application. Conventionally, 
it has been applied to that serial cooperation of groups of muscles, not 
only in the limbs but also in the trunk, which go into operation during the 
performance of volitional activity. Thus, according to one point of 
view, all of the extensors of the upper extremity employed, for example, 
in throwing a ball, are synergic muscles, while all of the flexor muscles 
employed in this act are likewise synergic in their function. From other 
standpoints, all of the muscles, whether flexors or extensors in the 
several segments of the limbs or in the major divisions of the trunk, are 
said to be synergic in that they cooperate harmoniously in the per- 
formance of voluntary acts of all kinds. There can be no serious objec- 
tion to this usage except, perhaps, that it makes the conception of 
synergy too greatly generalized as a function. Such an interpretation 
does little more than assert that all of the muscles operate together in 
voluntary acts. This proposition seems so obvious as scarcely to need 
a specific term for its definition. It is for this reason that we would 
restrict the use of the term synergia to a more limited application which 
indicates the interaction between antagonistic groups of muscles and 
even more specifically indicates that such groups act as units whose 
normal functional relation depends on the synchronous co-contraction. 
When this synchronous co-contraction is disturbed, a condition of 
asynergia becomes evident. A review of the kymographic tracings 
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obtained from cases of multiple sclerosis, cl oreo-athetosis, Huntington’s 
chorea and cerebellar ataxia, bears witness that in those pathologic con- 
ditions in which the coordinating mechanism of the central nervous 
system has become defective, the muscles cease to operate as units and 
produce the clinical manifestations of ataxia. 


SUMMARY 


It seems unwarranted at this juncture to assume any dogmatic 
position concerning the functional relations of antagonistic muscles dur- 
ing voluntary action. 

Several interpretations have been offered in solution of this problem. 
Each of these differs significantly from the others, yet at the same time 
each is supported by sufficient weight and distinction of authority to 
warrant serious consideration in forming a judgment with regard to the 
nature of muscular coordination. 

The entire question appears still to be in the controversial stage, not 
so much because of the differing conclusions advanced as because of 
the difficulties in the actual determination of the facts. 

The evidence thus far adduced points to three possibilities with 
regard to the functional interrelation of antagonistic muscles during 
volitional movement: 1. The dominant muscle contracts while its antag- 
onist remains inactive. 2. The dominant muscle contracts and its 
antagonist relaxes. 3. The dominant muscle contracts and its antagonist 


contracts simultaneously. 

A review of the evidence from which these deductions are drawn 
discloses the real difficulties surrounding the problem. Much evidence 
has been of a speculative character, like that attributed to Galen or 
advanced by Winslow and Pettigrew. Such evidence as is based on 
more precise investigation is insufficient in amount and as yet inade- 
quately correlated. Furthermore, no single method of approach has 
been devised to furnish an entirely convincing decision in the premises. 
All the methods thus far employed are open to valid objections because 
of certain obvious defects in procedure. 

The clinical method as applied by Duchenne, Demeny, Briicke and 
Rieger in the study of normal subjects or patients suffering from mus- 
cular disorders affords many opportunities for inaccuracy. In fact, any 
method aiming to investigate muscular tension by means of digital pal- 
pation alone or even by the application of cutaneous tambours over the 
muscles, is liable to inherent errors, as it is prone to the often misleading 
influences of the personal equation. Nor, for that matter, is the mere 
production of motion in a movable part prima facie evidence of the 
changes in muscular tension in the muscles normally responsible for 
motion in that part. 
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Even the more exact method of exposing the tendons and thus 
directly studying the changes in muscular tension by myographic 
records presents definite objections. This procedure, first employed by 
Beaunis and also used in our own investigations, subjects the animal of 
the experiment to the abnormal conditions of anesthesia as well as to 
the extensive trauma consequent on exposure of brain and muscles. 
The muscular changes resulting from the spontaneous movements of 
partial anesthesia as well as those movements produced by electrical 


stimulation of the central nervous system, may, in many essential par- 


ticulars, fail to duplicate the normal conditions of voluntary con- 
traction in the muscles. 

Perhaps the most accurate and reliable method is that recently applied 
by Golla. This method reveals changes in the muscular tension during 
voluntary action by means of electromyograms. None the less, the 
conclusions based on it, however illuminating they may be, should be 
accepted with some reservations in view of certain factors involved in 
the nature of action currents in muscles. These factors will bear further 
scrutiny to eliminate possible adventitious elements which may confuse 
the issue; for wherever two pieces of metal having different electrical 
potential come in contact with electrolytes in solution, there is the pos- 
sibility of generating an electrical current. Unless the two gilt needles 
employed as electrodes are of exactly the same potential there would 
exist the possibility of extraneous currents arising from the action on 
them of the electrolytes in the muscles. 

It seems permissible under the circumstaces to indicate the need of 
a more careful evaluation of methods in the solution of this problem, 
as well as the need of a further extensive investigation by those methods 
deemed most effective. 

Under the normal conditions of our experiments, stimulation of 
the motor area of the cerebral cortex, of the cerebral peduncle and of 
the colliculus of the midbrain, in the majority of instances produced 
synchronous co-contraction in a given antagonistic group of muscles. 
In this simultaneous contraction of the two muscles, the increment of 
muscular tension varied proportionally in its extent, in its time of 
occurrence and in its duration. Similar reactions were obtained as a 
result of spontaneous movements. 

In a few instances, only one muscle of the group contracted. 

These observations are wholly in accord with those of Beaunis, while 
Golla’s electromyographic evidence seems to coincide closely with our 
own results obtained mechanically by kymographic records. 

We believe that muscular coordination depends primarily on the 
synchronous co-contractive relation in the antagonistic muscle groups, 
an opinion which seems to justify the conception of the synergic unit 
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already advanced by one of the writers. In this regard, we are more 
nearly in accord with the French school than with the English teaching. 

Under normal conditions, we have not observed the contraction- 
relaxation phenomenon which is generally known as Sherrington’s 


“reciprocal innervation.” This phenomenon, although also observed 
by Beaunis in rare instances, was deemed by him both exceptional and 
inexplicable. 

The cerebellum appears to play a prominent role in maintaining the 
proper relation in the synergic units of the body. Its principal function 
seems to be the proportional adjustment in the time and extent of the 
increment of muscular tension. 

The lateral lobe of the cerebellum seems to exert more influence in 
control of the appendicular synergic units than does the vermis. 

We are of the opinion that this method of exploration may be effec- 
tively employed in the further study of cerebellar localization, and also 
in developing more accurate clinical tests for detecting disturbances in 
muscular coordination. 
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In September, 1923, Mrs. W. was operated on for an acute 
romegaly due to an adenoma of the pituitary gland. Following the 
rtial removal of the tumor by a lateral approach through a parieto- 
rontal flap, she developed a moderate polyuria which lasted for three 
eeks and a glycosuria which lasted for ten days. The patient’s sugar 
etabolism was studied by Dr. W. H. Olmsted, who reported that the 
lycosuria in no way differed from the glycosuria of a diabetic patient. 
e glycosuria was furthermore controlled by administration of insulin. 
month after the operation, when given 100 gm. of glucose by mouth, 

patient showed a sugar curve which reached its highest point at the 

d of the second hour, and with a blood sugar of 0.38 excreted sugar in 
the urine. A month later, when given 50 gm. of glucose, the blood 
sugar curve reached its maximum at the end of the second hour, but no 

: sugar appeared in the urine. The patient became sugar-free two weeks 

after operation. 

This case suggested the investigation of which this publication is the 
first portion. 

The problem we have set ourselves is to determine the relation of the 
hypophysis to sugar metabolism and what the influence of the pituitary 
might be on the sugar metabolism of the pancreas. In order to learn 
something about the interaction of these two glands, we first had to 
determine the fate of ingested sugar in the presence of various pituitary 

and hypothalamic lesions. This paper is devoted to this study. 


HISTORY 


The earliest attempts at removal of the pituitary gland were made 
by the buccal approach. The results were rather confusing, mainly 


*From the Department of Surgery, Washington University School of 
Medicine, St. Louis, Missouri. 

* Read in abstract at the Fiftieth Annual Meeting of the American Neuro- 
logical Association, Philadelphia, June, 1924. 
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because of two factors: first, the high incidence of infections, second, the 
inability of the operator to tell exactly what he was doing. An admirable 
analysis of the results of these early experiments may be found in an 
article by Crowe, Cushing and Homans.’ 

In 1908, Paulesco,? after previous fruitless attempts to reach the 
hypophysis by the buccal route, in collaboration with a surgeon, devised 
an intracranial approach by the temporal route. This method as modi- 
fied and perfected by Cushing and his associates has made the exposure 


and operative manipulations of the hypophysis and neighboring struc- 


tures relatively easy. 

Many conflicting opinions have been expressed concerning the func- 
tions of the gland. The question as to whether the removal of the 
pituitary is incompatible with life has been answered both ways. The 
majority of the earlier workers, removing the gland by the buccal route 
in a variety of animals, reptiles and fowls, held that it was essential to 
life, although a number concluded otherwise, notably, Friedmann and 
Maas,* Lo Monaco and Van Rynberk,* Gaglio® and Fichera.* Dogs, 
cats, frogs and chickens were used by the foregoing workers. These 
workers did not check their postmortem material by histologic methods, 
so the conclusion of Crowe, Cushing and Homans,’ based on an exten- 
sive series of animals and checked by histologic examination, has a 
special significance in settling the dispute. They conclude that the total 
removal of the hypophysis is incompatible with life. In thirteen total 
hypophysectomies in adult dogs, the duration of survival was from 
twenty-four hours to five days. It is significant that in all these animals 
there was either anuria or a very low output of urine, that they all were 
lethargic or became comatose before death, and that they had a sub- 
normal temperature. In a series of eight total hypohysectomies in 
puppies, the duration of life was from three to twenty days, the average 
being eleven days. It is noteworthy that all except two of these animals 
showed polyuria. In three observations of posterior lobe removals, two 
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animals had a transient polyuria; one of these died, and the other was 
killed. The third animal had no marked symptoms, and was killed for 
study. In three cases of total anterior lobe removal, the animals lived 
from forty-eight to sixty-eight hours. These animals also had anuria, 
as did the total number of adult animals on which hypophysectomy had 
been performed. Four of five animals with stalk separations had poly- 
uria. These animals lived from ten days to five months, three were 
killed and. two died. Six animals with partial removal of pars anterior, 
leaving the posterior lobe, showed polyuria. Five of these died with 
symptoms designated as cachexia hypophyseopriva. The sixth animal 
was killed at six months following a marked gain in weight and perma- 
nent polyuria. Of twelve observations of partial anterior with total 
posterior lobe removals, nine animals had polyuria of varying duration. 
()f the three which did not show this, one died immediately, the other 
two were killed—twenty-one and thirty-two days after the operation. 
(he majority of the remainder were killed at varying lengths of time 
alter the operation. 

In other words, of the fifty animals operated on, forty-three showed 

vuria or anuria, which we consider symptoms of hypothalamic injury. 
Of the remaining animals, one died in one and a half days with a low 
urinary output following failure to recover entirely from the anesthetic. 
Two died at three and seven days with symptoms suggesting hypo- 
thalamic injury, and the remaining four lived until killed, practically 
without symptoms. 

It is our contention that in the light of more recent work which is 
borne out by our own observations, the symptoms attributed by these 
authors to the pituitary are due to hypothalamic injury, a factor they 
apparently did not take into consideration. 

B. Aschner’ revived the hypothesis of Erdheim * that a disturbance 
of centers in the hypothalamus is the essential cause of many symptoms 
attributed to the hypophysis. He produced a marked disturbance in 
the sex glands by hypothalamic injury. 

Sweet and Allen,® using the temporal approach for operative pro- 
cedures, concluded after twenty-two total hypophysectomies, checked by 
histologic studies, that the gland can be removed without danger to life. 


7. Aschner, B.: Arch. f. d. ges. Physiol. 146:1, 1912; Ueber das “Stoff- 
wechsel- und Eingeweidecentrum im Zwischenhirn,” seine Beziehung zur inneren 
Sekretion (Hypophyse, Zirbeldriisse) und zum Diabetes insipidus, Berl. klin. 
Wchnschr. 53:772, 1916. 

8. Erdheim: Sitzungsb. d. k. Akad. d. Wissensch. Math. naturn. Cl. Wein. 
Abt 3, 113:537, 1904. 

9. Sweet, J. E., and Allen, A. G.: The Effect of the Removal of the 
Hypophysis in the Dog, Ann. Surg. 57:485-491, 1913. 
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Brown concluded following complete removal of the pituitary, 
checked histologically, that the factor of injury to the base of the brain 
must always be considered. Many of his dogs showed no symptoms, 
and two dogs were alive two years and nine months after operation. 
Many of his animals did not show the Frohlich syndrome, and the others 
showed it in varying degrees. 

Camus and Roussy,” in a large number of publications during the 
past ten years, have maintained that the pituitary is not necessary for 
life. They think that most of the deaths are due to injury to the hypo- 
thalamus, meningitis, or hemorrhage, that the polyuria is caused by a 
lesion of the tuber cinereum, that atrophy of the genital glands and 
obesity are also due to a lesion of the base. They say that the action of 
extracts varies and that other subsances act as well. Camus, Roussy 
and LeGrand ** showed that in a case of meningitis with polyuria and 
a lesion of the nucleus of the tuber, lumbar puncture, antipyrin, pro- 
cain as well as posterior lobe extract, stopped the polyuria. There 
have been other reports showing relief from the polyuria in diabetes 
insipidus following lumbar puncture.’ 

Among other workers who think that the hypothalamus is responsible 
for symptoms attributed to the pituitary, B. A. Houssay ** stands out 
prominently. He has shown that lesions in the region of the tuber 
produce polyuria in animals with denervated kidneys.*® 

Bailey and Bremer ’?® in a recent article have shown clearly that 
polyuria may be produced by a puncture of the hypothalamic region. In 
their series, some animals developed an adiposogenital dystrophy and 
others a cachexia hypophyseopriva. In all these animals, there was 
demonstrated by histologic means an intact pituitary and a lesion of the 


hypothalamus. In six of these cases, there was transient glycosuria. 
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Leschke,"” in an extensive clinical study, concludes that injury of 
the tuber cinereum is the cause of diabetes insipidus rather than a dis- 
turbance of the pituitary. 

Of the recent experimental workers, Blair Bell ** alone supports the 
theory that the pituitary is essential to life. He had rapid deaths follow- 
ing the removal of the whole gland. His conclusions support those of 
Cushing, except as to the adiposogenital dystrophy syndrome. He did 
not necessarily get this with all his anterior lobe removals. As far as 
we can see, he failed to take into account hypothalamic injuries. 

In summing up the experimental work on the pituitary, we find that 
those who believe the pituitary essential to life failed to note the extent 

| injuries to the hypothalamic region following their operative pro- 
edures. On the other hand, symptoms supposedly due to the removal 
f the gland have been produced by lesions in the hypothalamus with 
he pituitary intact, and animals have lived for long periods with the 
tal gland removed. 

Glycosuria, as a transient symptom, following various types of 
hypophysial and hypothalamic operative interventions, has been noted 
frequently. It is not a constant finding, and it has been rather difficult 

produce experimentally. 

In Cushing’s first series, glycosuria was not a frequent finding, but 

a later paper, Goetsch, Cushing and Jacobson*® found a higher 
incidence of transient glycosuria following operations. This was espe- 
cially noted in those cases in which total removal was performed. In 
these, the stalk was pinched off and detached from the hypothalamus. 
\fter running a series of carbohydrate tolerance tests on their operated 

nimals, they drew the conclusion that the posterior lobe had to do with 
carbohydrate metabolism. 

Camus and Roussy,”° in reporting the results of pituitary removals 
in forty-five dogs and nine cats, noted glycosuria in six of the dogs and 
four of the cats. An analysis of the protocols of the animals with 
glycosuria shows that one had a complete removal during gestation; in 
two, the brain was badly injured; in two—cauterized with an iron— 
there was a definite injury to brain; in the other, there was a complete 
removal with no demonstrable microscopic injury. They state that 


glycosuria always appeared rapidly following operation and lasted only 
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for from twenty-four to thirty-six hours, and that it occurred inde- 
pendent of the polyuria. In the cats, four of nine showed glycosuria of 
the same general type. They found the sugar tolerance, as to alimentary 
glycosuria, to be unchanged in any of their cases. 

In Blair Bell’s ** series, there was one animal with prolonged glyco- 
suria. An artificial tumor of wax had been placed in front of the 
pituitary so that it pressed on the base of the brain. 

Aschner* found that glycosuria was produced more frequently in 
cats than in dogs. 

Camus, Gournay and LeGrand ** state that a lesion of the tuber 
cinereum in rabbits produces glycosuria of much longer duration (up 
to several months) than does Claude Bernard’s puncture. 

In Bailey and Bremer’s ** series, six of twenty-three animals showed 
transient glycosuria. 

The question of the nutrition of the animals has been raised in an 
attempt to account for the glycosuria on the basis of release of excess 
stored glycogen from the liver. It is difficult to say that that factor is 
adequately ruled out. In our own series, all animals were without food 
for from twenty-four to thirty-six hours before the operation. The fact 
that one of the animals of Blair Bell had a permanent glycosuria and 
that one of Bailey and Bremer’s showed glycosuria following three 
separate punctures, together with a vast amount of clinical evidence 
which shows glycosuria with lesions of the pituitary or the hypothalamic 
region, leads one to think that the glycosuria is more than an incidental 
symptom. In an effort to find whether dogs, following anesthesia and 
operative procedures, showed glycosuria, we examined the urine of a 


large number after various types of operations, and not once was sugar 
found. 


Weed, Cushing and Jacobson ** found glycosuria following faradiza- 
tion of the pituitary. 

Keeton and Becht ** concluded from a study of blood sugar values 
after stimulating the hypophysis by electrical means that any hormone 
that might be liberated acted on central rather than on peripheral 
endings. They found that the blood sugar values, after stimulation of 
the gland, were higher than those due to ether alone. They found 
transient hyperglycemia following hypophysectomy. Their later blood 
sugar figures are essentially unchanged, although in one animal there 
tended to be hypoglycemia. After cutting the splanchnic nerves and 


21. Camus, J.; Gournay, J. J., and LeGrand, A.: Experimental Diabetes 
Mellitus, Compt. rend. Acad. d. Sc. 177:146-148, 1923. 

22. Weed, L. H.; Cushing, H., and Jacobson, C.: Electrical Stimulation of 
the Pituitary, Bull. Johns Hopkins Hosp. 24:40, 1913. 

23. Keeton, R. W., and Becht, F. C.: The Relation of the Hypophysis to 
Glycogenolysis, Am. J. Physiol. 49:248, 1919. 
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aiter transection of the cord at the second thoracic level, the values 
were much lower. From this they drew the conclusion that the action 
was cephalad. 

Stimulation of the pituitary by electrical means is open to criticism 
because the overflow current cannot be regulated. The nerve centers in 
the hypothalamic region might readily be the centers acted on by the 
stimulation. It is possible that this action may be through the pituitary 
as an intermediary ; in order to decide this point definitely, the electrical 
stimulation would have to be applied to the tuber in animals in whom 
the hypophysis had first been removed. 


The views of various investigators in regard to glycosuria may be 


divided into three groups: First, those who assume a center in the 
neighborhood of the hypophysis, as claimed by Rath,** Loeb,** and 
more recently by Aschner. Second, those who think that the glycosuria is 
due to secondary changes in the other ductless glands, notably, the pan- 
creas—Pineles,?® Hausemann** and Dallemange,** who have found 
trophic changes in the pancreas, and Lorand *® who assumes that the 
ugar is the result of changes in the thyroid due to an interrelation with 
the hypophysis. Third, those who hold that the glycosuria is directly 
lue to the increased production of some substance in the pituitary 
hich is the active agent in producing the condition, notably, Naunyn *° 
nd Borchardt,®? Bernstein and Falta.** 
None of the experimental evidence thus far seems convincing enough 
settle this question of glycosuria. One factor seems to stand out, 
namely, that the pituitary alone is not responsible for the glycosuria. It 
nay have a modifying effect which can be conceived as acting either 
through a direct nerve connection or by means of a hormone, but the 


24. Rath, W.: Beitrag zur Symptomenlehre der Geschwiilste der Hypophysis 
cerebri, Arch. f. Ophth. 34:81, 1888. 

25. Loeb, M.: Beitrage zur Lehre vom Diabetes mellitus, Centralbl. f. innere 
Med. 19:893 (Sept.) 1898. 

26. Pineles, F.: Die Beziehungen der Akromegalie zum Myxddem und 
anderen Blutdriisenerkrankungen, Volkmann’s klin. Beitr. 1899, 422. 

27. Hausemann: Ueber Akromegalie, Berl. klin. Wchnschr. 1897, p. 417. 

28. Dallemange, V.: Trois cas d’acromegalie, Arch. de méd. exper. et 
l’anat. path. 7:589, 1895. 

29. Lorand: Pathogénie du diabéte dans l’acromégalie, Compt. rend. soc. 
de biol., 554, No. 56. 

30. Naunyn: Der Diabetes mellitus, Wein, Hélder, 1896. 

31. Borchardt, L.: Die Hypophysenglykosurie und ihre Bezielung zum 
Diabetes der Akromegalie, Ztschr. f. klin. med. 71:332, 1908. 

32. Bernstein and Falta: Ueber die Einwirkung von Adrenalin, Pituitrinum 
infundibulare und Pituitrinum glandulare auf den resp. Stoffwechsel, Kongr. 
f. innere med., 1912. Quoted in Falta-Meyers: The Ductless Glandular dis- 
eases, Ed. 2, 1916, p. 276. 
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point of origin seems rather to be in the hypothalamic region. This 
view receives further support from clinical observations to which we 
shall refer later. 

METHODS 


Dogs were used throughout our experiments. The temporal approach of 
Paulesco, as described by Crowe, Cushing and Homans,’ was used in every 
case. 

A midline incision was made through the skin and the fascia, and superficial 
muscles were drawn aside. The temporal muscle on each side was cut at its 
origin on the skull and stripped from the bone. On the right side, an exposure, 
large enough to make an opening about the size of a half dollar, was made. 
The dura on this side was opened. On the left side, the muscle was detached 
from its entire posterior origin, and the zygoma was exposed and freed of 
muscle attachments. The temporal muscle was then drawn forward and held 

retractor. A trephine opening was made and enlarged downward with 
vase at the zygoma. With a brain spoon, the dura being intact, the temporal 


Fig. 1—Ear forceps. 


lobe was carefully lifted, and an exposure of the dural attachment along the 
floor of the middle fossa made. The dura at this point was put under tension 
and an incision made about 0.5 cm. above its attachment. in this procedure, 
no bleeding from emissary veins is obtained, and the sinus is avoided. The 
brain spoon was then pushed through the opening and after the excess of 
cerebrospinal fluid was absorbed, an excellent exposure was obtained. The 
vascular attachments were separated from the posterior lobe and, if the whole 
gland was to be removed, a small pair of ear forceps with small curet cups on 
the tips, was introduced (Fig. 1). With these forceps it was possible to make 
a clean removal without the trauma that is produced by detaching,the stalk 
with the ordinary forceps. In those cases in which the posterior lobe alone 
was removed, a curet was used. For the punctures, a ganglion hook was used. 
Closure was made with silk, the muscles, the galea, and the skin being closed 
separately. 

An attempt was made to use dogs of about the same age. Before operation 
they were observed for several days and single fasting blood sugars: were run 
to establish a normal value. A sugar tolerance curve was determined also 
before operation. In making this it was our purpose to give just enough sugar 


A. 
{ 
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to get a good curve but not enough to get glycosuria. We established 0.5 gm. 
of glucose per kg. body weight as the amount and used this in all cases. 

A fasting blood was taken and the glucose given by stomach tube. Blood 
was then taken one half hour, one, two and three hours later. The blood was 
obtained from the femoral artery, no incision being necessary to do this. The 
factor of fright entering here, was taken into consideration. It is surprising 
how little fear a dog shows after he becomes accustomed to being handled. 

he dogs submitted quietly to all manipulations, and we feel that the emotional 
factor had but little if any effect on our sugar values. 

[The Shaffer-Hartmann™®™ method of sugar determination was used throughout. 

The intake and output of urine was recorded once every twenty-four hours, 
nd following the operations qualitative tests for sugar were made. 

In performing the necropsies, great care was taken in removing the brains 
to keep the hypothalamus and any remaining tissue intact. This was removed 

one block from the optic chiasm to the pons and embedded in paraffin. Serial 
ctions were cut and stained with hematoxylin and eosin. The tissue removed 
t operation was embedded and stained in the same manner. The gonads, 
increas, suprarenals and thyroid were removed at necropsy, and a histologic 
tudy was made of them. 


PROTOCOLS 
GROUP A—CONTROLS 


Doc 1—Male, aged + 1, weight, 8.8 kg.; average preoperative blood sugar, 
085; average postoperative blood sugar, 0.082. 


TABLE 1.—Group A—Blood Sugar Values in Con 


Dog 1 Dog 2 
Date Blood Sugar Date Blood Sugar 
9/17/23 0.075 2/24/24 
0.078 2 2 
0.103 2/25/2 Operation 
0.095 2/26/2 0.127 
Operation 3 I‘ 0.080 
0.075 
3.6 gm. glucose 
1% hour 0.120 


1 hour 
2 hours 
3 hours 


0.109 
0.083 
0.083 


Operation—Double decompression. Dura opened on both sides. Temporal 
lobe lifted on left. Hypothalamus or pituitary not touched. 

Clinical Course —Uneventful. No polyuria, glycosuria or clinical symptoms. 

Necropsy.—Dog killed five months after operation. Tissues appeared normal 
at necropsy. No histologic sections made. 

Doc 24.—Female, aged — 1, weight 6.4 kg.; average preoperative blood sugar, 
0.103; average postoperative blood sugar, 0.101. 

Operation—Regular opening. As the pituitary was being exposed, bleeding 
occurred from a venous sinus. This was controlled by a piece of muscle and 
the wound closed with the intention of using the dog as a control, as it was 
thought that there was sufficient blood to give pressure on the hypothalamus. 


33. Shaffer and Hartmann: Jour. Biol. Chem. 45:377, 1921. 
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Clinical Course —The day following operation, the blood sugar was 0.127, 
and there was a trace in the urine. The dog appeared lively and made an 
uneventful recovery. No polyuria. Sugar tolerance curve two and three quarter 
months later gave the height on the half hour. 

Necropsy and Histologic Study of Tissue—Dog killed three and one-quarter 
months after operation. Tissues—negative. Pituitary, intact. No hypothalamic 
injury. 

GROUP B—POSTERIOR LOBE REMOVAL 

Doc 4.—Female, puppy. Average preoperative blood sugar, 0.070. Average 
postoperative blood sugar, 0.089. 

Operation—Double decompression with posterior lobe removal. No bleeding. 

Clinical Course.—Uneventiul operative recovery. Immediately following the 
operation, the blood sugar was 0.42, and there was sugar in the urine. The 
following two days there was slight polyuria. Two days following the opera- 
tion the blood sugar was 0.132. Following this, it became lower than the 
preoperative average. The animal became emaciated and died nine days after 
operation. 

TABLE 2.—Group B—Posterior Lobe Removal 


Dog 4 + Hypothalamic Injection 


Date Blood Sugar Blood Sugar 
10/16/23 0.070 10/25/23 0.085 
Operation Operation 
0.042 10/25/23 0.125 
0.132 11/24/23 0.104 
0.047 12/13/23 0.110 
Died 2/16/24 0.118 
3/31/24 A 0.088 
3.5 gm. glucose 
1% hour 0.101 
1 hour 0.109 
2 hours 0.096 


Vecropsy and Histologic Study of Tissue—Piece removed showed the pos- 


terior lobe. Sections of the hypothalamus showed the anterior and middle 
lobe intact and an infiltration of round cells in the tuber cinereum. Other 
tissues appeared normal. 

Doc 6.—Male, aged + 1, weight, 6.8 kg. Average preoperative blood sugar, 
0.085. Average postoperative blood sugar, 0.105. 

Operation.—Regular procedure, posterior lobe removal. No bleeding. 

Clinical Course —Uneventful operative recovery. Immediately following 
operation, blood sugar was 0.125; no glycosuria, no polyuria. Three weeks 
after operation, the dog began to show a redistribution of fat. A month after 
operation, its weight was 7.4 kg. The blood sugar ran between 0.088 and 
0.118. Five months after operation, the sugar tolerance curve showed the 
height on the hour. The animal was killed six and one-half months after 
operation. Its weight was 8 kg. 

Necropsy and Histologic Study of Tissue—Specimen removed was posterior 
lobe. Testes, suprarenals, pancreas, thyroid, see Table 2. Hypothalamus showed 
anterior and middle lobes but no posterior lobe. No hypothalamic injury. 


GROUP C—PARTIAL ANTERIOR LOBE REMOVAL 


Doc 11.—Male, aged —1, weight, 8 kg. Average preoperative blood sugar, 
0.122. Average postoperative blood sugar, 0.101 (Fig. 2). 


» 
Dog 6 
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Operation —Regular procedure. Anterior lobe removal. No bleeding. 


Clinical Course.—Uneventful operative recovery. No polyuria, no glycosuria. 
Blood sugar values ran from 0.075 to 0.119. Four months after operation, 


sugar tolerance curve showed height on the half hour. Dog killed five months 
operation. 


| 


3 


Fig. 2—Blood sugar curve in Dog 11. 


Necropsy and Histologic Study of Tisswe—Sections of specimen removed 
at operation showed anterior lobe and a bit of the middle lobe. Hypothalamus 
showed posterior, middle and some anterior lobe. No injury seen. (Testes, 
suprarenals, pancreas, see Table 3.) Thyroid seemed more vascular than normal. 

Doc 15.—Male, aged + 1, weight, 8.6 kg. Preoperative blood sugar, 0.135. 
Average postoperative blood sugar, 0.099. 
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Operation.—Regular procedure. Attempt at anterior lobe removal. No 
bleeding. 


Clinical Course —Uneventful recovery. No glycosuria, no polyuria. Four 
days after operation, blood sugar was 0.139; following this it ran from 0.070 
to 0.117. Three and three-fourths months after operation, the height of the 
sugar tolerance curve was on the half hour. Dog killed five months after 
operation. 


TABLE 3.—Group C—Partial Anterior Lobe Removal 


Dog 11 

Date Blood Sugar t Blood Sugar 

11/20/23 0.122 2 2% 0.135 

Operation Operation 

11/22/23 0.118 2 23 0.139 

0.107 2/13/23 0.088 

0.101 3/§ 0.070 

0.093 24/2 0.117 

0.106 2/ 6/2 0.072 

0.101 

0.106 

0.088 
4 gm. glucose 

0.096 

0.094 

3.75 gm. glucose 9 0.084 

¥% hour 0.108 


1 hour 0.098 
2 hours 0.091 
3 hours 0.097 


Necropsy and Histologic Study of Tissue—Piece removed at operation showed 
anterior lobe ti :. Hypothalamus showed posterior and middle lobe and 
a few remaining anterior lobe cells. No injury seen. (Testes, suprarenals, 
pancreas, see Table 3.) Thyroid seemed more vascular than normal. 


GROUP D—TOTAL POSTERIOR AND PARTIAL ANTERIOR LOBE REMOVAL 


Doc 17 Male. aged 1, weight, 7 kg. Preoperative blood sugar, 0.116. 


Average postoperative blood sugar, 0.098 (Fig. 3). 


TABLE 4.—Group D—Total Posterior and Partial Anterior Lobe Removal 


Dog 17 
A 


Date Blood Sugar 
12/26/23 0.116 
Operation 
12/27/23 0.093 
1/ 3/24 0.083 
1/24/24 0.103 
2/ 6/24 0.104 
2/10/24 0.112 
2/16/24 0.109 
3/28/24 A 0.100 
4.4 gm. glucose 
1% hour 0.139 
1 hour 0.148 
2 hours 0.112 


Operation.—Usual procedure. Attempt at total removal. Pituitary detached 
from hypothalamus and removed. Hemorrhage made it impossible to s 
whether all was removed. 


‘ 
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Clinical Course.—Uneventful operative recovery. No glycosuria, no polyuria. 
Blood sugar content ran from 0.093 to 0.109. Three months after operation, 
sugar tolerance curve showed height at the end of one hour. Dog killed four 
and one-half months after operation. 

Necropsy and Histologic Study of Tissue—Piece removed at operation 
showed anterior, middle and posterior lobe. Hypothalamus showed a small 
remnant of anterior lobe which seemed to be active, as the cells appeared large. 
Pancreas, testes, suprarenals, see Table 4. Thyroid vascular. 


O .150 
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Fig. 3—Blood sugar curve in Dog 17. 


GROUP E—PARTIAL OF ALL PARTS PLUS HYPOTHALAMIC INJURY 


Doc 18.—Female, aged — 1, weight, 7.3 kg. Preoperative blood sugar, 0.110. 


Average postoperative blood sugar, 0.095. 


Taste 5.—Group E—Partial of All Parts Plus Hypothalamic Injections 


Dog 18 
— 


Date Blood Sugar bs 

1/ 7/24 0.110 

Operation 
0.106 


1/ 8/24 
l/ 9/24 0.106 
1/24/24 0 072 
3/26/24 Died 


’ 
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Operation—Regular procedure. In attempt to remove total gland it was 
broken and several small pieces removed. No bleeding. 

Clinical Course-—Uneventful recovery. Dog was somewhat lethargic for a 
few days following operation. Record of urine lost. Dog died nineteen days 
after operation of distemper with hypophyseo-privo. 

Necropsy and Histologic Study of Tissue—Pieces removed at operation 
proved to be parts of posterior and anterior lobes. Hypothalamus showed parts 
of all three lobes remaining and a distinct injury in the region of the tuber. 
(Ovaries, pancreas, suprarenals, see Table 5.) 


GROUP F—TOTAL REMOVAL WITHOUT INJURY 

Doc 3.—Female, aged +1. Average preoperative blood sugar, 0.077. 
Average postoperative blood sugar, 0.070. 

Operation —Regular procedure. Total removal. Some bleeding from venous 
sinus. 

Clinical Course -—The day following the operation, the dog had a convulsion. 
He appeared sleepy for a few days, after this he was lively and normal in 
appearance. Killed two months after operation. No glycosuria, no polyuria. 

Necropsy and Histologic Study of Tissue—Specimen removed appeared to 
be total gland. Hypothalamus showed no remaining gland tissue. There 
was no evidence of injury. (Ovaries, pancreas, liver, suprarenals, thyroid, see 
Table 6.) 


Doc 9.—Male, aged —1, weight, 6.2 kg. Preoperative blood sugar, 0.1. 


Average postoperative blood sugar, 0.1 

Operation—Regular procedure. Total removal. No bleeding. 

Clinical Course —Uneventful recovery. No glycosuria. No polyuria. Blood 
sugar values ran from 0.092 to 0.104. Dog died one month after operation, of 
distemper. 

Necropsy and Histologic Study of Tissue.—Piece removed at operation showed 
total gland. Hypothalamus showed no remaining tissue and no injury. No 
other tissues kept. 


) 


Doc 10.—Male, aged + 1, weight, 8.2 kg. Preoperative blood sugar, 0.106 
Average postoperative blood sugar, 0.092. 

Operation—Regular procedure. Total gland removal. No bleeding. 

Clinical Course —Uneventful recovery. No polyuria, no glycosuria. Blood 
sugar values from 0.077 to 0.109. Sugar tolerance curve four and one-quarter 
months after operation showed height at the end of one hour. Killed four 
and three-quarter months after operation. 

Necropsy and Histologic Study of Tissue—Piece removed at operation 
showed total gland. Hypothalamus showed no gland remaining and no injury. 
(Testes, suprarenals, pancreas, thyroid, see Table 6.) 

Doc 19.—Female, aged + 1, weight, 5.4 kg. Preoperative blood sugar, 0.122. 
Average postoperative blood sugar, 0.093. 

Operation—Regular procedure. Pituitary detached and removed with curet. 
Some bleedin. 

Clinical Course —Uneventful recovery. No polyuria, no glycosuria. Blood 
sugar values from 0.075 to 0.106. Two and three-fourths months after opera- 


SACHS-MACDONALD—BLOOD SUGAR STUDIES 349 


tion, sugar tolerance curve showed height at the end of an hour. Dog killed 
three and three-fourths months after operation. 

Necropsy and Histologic Study of Tissue—Piece removed at operation showed 
all parts of the gland. Hypothalamus showed no remaining tissue except a 
small piece which seemed to be a part of the intermedia. No injury to tuber. 


(Pancreas, suprarenals, ovaries, thyroid, see Table 6.) 


2140 


Fig. 4.—Blood sugar curve in Dog 23. 


Doc 23.—Male, aged —1, weight, 9.2 kg. Preoperative blood sugar, 0.120. 
Average postoperative blood sugar, 0.097 (Fig. 4). 

Operation.—Regular procedure. Total removal by cutting stalk and taking 
out in one piece. No bleeding. 
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Clinical Course.—Uneventful 
following operation. 


and one-half months later. 


NEUROLOGY 


recovery. 
Blood sugar value from 0.080 to 0.117. Sugar tolerance 
curve one month after operation showed height at end of 1 hour. 


No glycosuria. 


AND PSYC 


HIATRY 


Polyuria on day 


Killed two 


Necropsy and Histologic Study of Tissue——Piece removed showed total gland. 


Hypothalamus showed no remaining tissue, and no evidences of injury. 


suprarenals, pancreas, thyroid, see Table 6.) 


Testes, 


TABLE 6.—Group F—Total Removal Without Hypothalamic Injury 


Dog 


A 


Date Blood Sugar 
9/18/23 
9/19/23 
10/ 9/23 
10/11/23 
10/18/23 


10/30/23 


0.077 11/16/23 
0.077 
Operation 


0.090 


11/20/23 
11/24/23 
11/26/23 


0.050 


9 


Date Blood Sugar 


0.1 


Operation 


0.104 
0.1 
0.092 
0.1 
0.104 


Died, 
listemper 


Dog 10 


— 


Dog 19 


— 


Date 
11/19/23 


Blood Sugar 
0.106 
Operation 
0.100 
0.096 
0.091 
0.092 
0.086 
0.085 
0.081 
0.098 
0.077 


11/20/23 
11/22/23 
11/24/23 


Date Blood Sugar 
1/ 8/24 0.122 
Operation 
0.106 
0.090 


1/ 9/24 
1/24/24 
2/16/24 0.075 
3/28/24 A 0.101 
2.2 gm. glucose 
hour 0.135 
1 hour 0.143 
2 hours 0.111 
3 hours 


0.086 
0.105 5 Killed 
0.109 
0.006 
3.95 gm. glucose 
1% hour 0.130 
1 hour 0.135 
2 hours 0.119 
3 hours 0.085 
5/ 5/24 Killed 


5/24 


Dog 20 


Dog 23 


Dog 30 
— 


Blood Sugar 


0.096 

3 gm. glucose 
0.148 
0.114 
0.101 
0.080 

Operation 

0.070 
0.070 
0.088 
0.108 

3 gm. glucose 
0.148 
0.125 
0.062 
0.067 
0.086 

3 gm. glucose 
0.107 
0.124 
0.109 
0.080 
Killed 


Date 
1/21/24 


Blood Sugar 
0.108 
Operation 
0.096 
0.008 
0.075 
0.085 
Killed 


Date 


Blood Sugar 
0.120 
Operation 
0.117 
0.106 
0.08) 
0.086 
0.085 
4.3 gm. glucose 
0.098 
0.135 
0.085 
0.067 


Killed 


Date 

3/24/24 A 
1/24/24 
2/ 6/24 
3/21/24 
5/13/24 
6/ 3/24 


% hour 
1 hour 
2 hours 
8 hours 
— 3/25/24 
3/26/24 
3/27/24 
4/10/24 A 


% hour 
1 hour 
2 hours 
3 hours 
5/ 5/24 % hour 
1 hour 
2 hours 
3 hours 
5/ 2/24 A 


% hour 

1 hour 

2 hours 

3 hours 
6/ 3/24 


Doc 30.—Male, aged —1, weight, 6.2 kg. 
Average postoperative blood sugar, 0.083. 


Operation—Regular procedure. 
off stalk with special forceps. 


Preoperative blood sugar, 0.096. 


Total pituitary removed whole by pinching 
No bleeding. 


Clinical Course—Uneventful recovery. No polyuria, no glycosuria. The 
dog appeared drowsy for two or three days, but this was not marked. Blood 
sugar ran from 0.070 to 0.103. Two weeks after operation the sugar tolerance 


Killed 11/28/23 11/26/23 
12/ 8/23 11/28/23 
12/14/23 12/ 8/23 
12/13/23 
1/ 3/24 
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curve showed the height at the end of one half hour. One month after opera- 
tion the dog appeared fatter. Five weeks after operation a second sugar 
tolerance curve showed height at end of one hour. Dog killed two and one- 
half months after operation. Appeared distinctly fatter. 


Necropsy and Histologic Study of Tisswe.—Piece removed at operation showed 
total gland. Hypothalamus showed no remaining gland tissue and no injury. 
(Pancreas, testes, suprarenals, thyroid, see Table 6.) 

Doc 20.—Male, aged —1, weight, 8 kg. Preoperative blood sugar, 0.103. 
Average postoperative blood sugar, 0.089. 

Operation—Regular procedure. Total pituitary removal with special forceps. 
No bleeding. 

Clinical Course —Uneventful recovery. No polyuria. No glycosuria. It was 
never possible to get a complete sugar tolerance curve on this animal. Blood 
ugar ran from 0.075 to 0.098. Dog killed four and one-half months after 
)peration. 

Necropsy and Histologic Study of Tisswe—Piece removed at operation 
howed complete gland. Hypothalamus showed no remaining tissue and no 
njury. (Testes, pancreas, suprarenals, thyroid, see Table 6.) 


GROUP G—TOTAL REMOVAL WITH INJURY 
Doc 8.—Male, aged —1. Preoperative blood sugar, 0.096. Average post- 
operative blood sugar, 0.082. 


Taste 7.—Group G—Total Removal with Hypothalamic 


Injury 


Dog 8 Dog 16 Dog 21 
Date Blood Sugar Date Blood Sugar Date Blood Sugar : 
1/15/23 0.096 12/10/23 0.132 1/22/24 0.108 4 
Operation Operation Operation 
1/17/28 0.088 12/13/23 0.106 1/24/24 0.098 fi 
1/19/23 0.076 12/16/23 0.110 2/ 6/24 0.058 ¢ 
1/20/23 Died 1/ 3/24 Killed 2/ 7/24 0.111 ; 
2/ 9/24 A 0.106 
4 gm. glucose 
\% hour 0.120 
1 hour 0.140 
2 hours 0.096 
2/12/24 0.096 
Pancreas 
removed 
2/13/24 20 units insulin 
2/14/24 Died 
Dog 22 Dog 27 Dog 28 
Date Blood Sugar Date Blood Sugar Date Blood Sugar ; 
2/19/24 0.086 3/ 7/24 0.008 3/10/24 A 0.116 iF 
Operation Operation 4 gm. glucose ; 
2/20/24 0.125 3/ 8/24 0.047 % hour 0.142 
2/21/24 0.112 3/13/24 0.067 1 hour 0.114 
2/22/% 0.098 3/18/24 0.087 2 hours 0.106 
2/26/24 0.109 3/20/24 A 0.080 3 hours 0.112 
3/ 2/24 Died 4 gm. glucose 3/11/24 Operation 
% hour 0.083 3/13/24 0.088 
1 hour 0.102 3/14/24 Died 


2 hours 0.089 
3 hours 0.067 
5/ 5/24 Killed 


Operation.—Regular procedure. Pituitary detached from hypothalamus and 
removed with a curet. Some bleeding. 
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Clinical Course—Dog never fully recovered, was continually drowsy until 
death five days after operation. No glycosuria. Dog put out a very small 
amount of urine first two days, then developed anuria. Blood sugar ran from 
0.076 to 0.088. 


Necropsy and Histologic Study of Tisswe—Piece removed showed both 
anterior and posterior lobes. Hypothalamus showed no gland remaining. There 
was a distinct injury. Other tissues not kept. 

Doc 16.—Male, aged —1. Preoperative blood sugar, 0.132. Average post- 
operative blood sugar, 0.108. 

Operation.—Regular procedure. - Total pituitary removal by pinching off stalk 
and extraction with curet. No bleeding. 

Clinical Course—Dog was drowsy for several days. There was transient 
polyuria and no glycosuria. The animal developed distemper, anuria, and 
what seemed like an hypophyseo-privo. He was killed three weeks later because 
of a necrosis of left jaw. Blood sugar ran from 0.106 to 0.110. 

Vecropsy and Histologic Study of Tissue—There was an extensive necrosis 
of left mandible. The abdominal pad of fat was white. There seemed to be 
an absence of lipochromes. Hypothalamus showed a definite injury with no 
remaining gland. (Suprarenals, testes, pancreas, see Table 7.). 

Doc 21.—Female, aged +1, weight, 9 kg. Preoperative blood sugar, 0.103. 
Average postoperative blood sugar, 0.093. 

Operation—Regular procedure. Gland detached from hypothalamus and 
removed with curet. No hemorrhage. A note was made at the time of opera- 
tion of a questionable injury to tuber. 

Clinical Course-—There was transient polyuria the following two days but 
no glycosuria. The dog appeared drowsy for several days. Blood sugar 
tolerance curve two and one-half weeks after operation showed the height 
at the end of one hour. Blood sugar values ran from 0.058 to 0.111. Three 
weeks after pituitary removal, the pancreas was removed completely. The 
dog died two days after this in spite of administration of insulin. 

Necropsy and Histologic Study of Tissue.—Piece removed proved to be total 
gland. Hypothalamus showed no remaining tissue, but there was an infiltra- 
tion of round cells in the tuber. The pancreas operation was clean. No 
infection, no intestinal necrosis. 

Doc 22.—Female, aged —1, weight 8.4 kg. Preoperative blood sugar, 0.086. 
Average postoperative blood sugar, 0.109. 

Operation.—Regular procedure. Pituitary pinched off at tuber and removed 
with a curet. No bleeding. 


Clinical Course—Dog was drowsy for several days. There was marked 
polyuria for five days. No glycosuria. Blood sugar ran from 0.093 to 0.125. 
Died two weeks after operation. Stitch infection. 


Necropsy and Histologic Study of Tisswe—Infection local under muscle. 
No meningitis. Piece removed showed whole gland. Hypothalamus showed 
no remaining tissue. Definite injury to tuber. 

Doc 27.—_Female, aged +1, weight 8.7 kg. Average preoperative blood 
sugar, 0.093. Average postoperative blood sugar, 0.070. 


Operation.—Regular procedure. Pituitary detached and removed whole. No 
bleeding. 
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Clinical Course-—Dog had transient polyuria, transient glycosuria and was 
somewhat drowsy for a few days. The blood sugar ran from 0.047 the day 
following operation, when the glycosuria appeared, to 0.087 later. Three weeks 
after operation the sugar tolerance curve showed the height at the end of 
one hour. Dog killed one month after operation. 

Necropsy and Histologic Study of Tissue—Piece removed showed whole 
gland. Hypothalamus showed an infiltration around the tuber. (Ovaries, supra- 
renals, pancreas, thyroid, see Table 7.) 


brs. 1 


Fig. 5.—Blood sugar curve in Dog 27. 


Doc 28.—Female, aged +1, weight 9 kg. Preoperative blood sugar, 0.116. 
Postoperative blood sugar not obtained (Fig. 5). 


Operation.—Regular procedure. Pituitary removed in one piece. No bleeding. 


Clinical Course —Dog had postoperative polyuria, was drowsy, no glycosuria. 
Died three days later. Slight local infection. 

Necropsy and Histologic Study of Tissue—No meningitis, local infection 
only. Piece removed showed total gland. Hypothalamus showed no remaining 
tissue. Definite infiltration in tuber showing injury. 
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GROUP H-—-HYPOTHALAMIC PUNCTURE 
Doc 25.—Female, aged —2, weight 10.2 kg. Preoperative blood sugar, 0.132. 
Average postoperative blood sugar, 0.113. 
Regular procedure. Pituitary exposed, no bleeding; a puncture 
de posterior to the stalk with a ganglion hook. 

Polyuria of moderate degree for one week. Glycosuria on 
day following operation. Somewhat drowsy for several days. Sugar tolerance 
curve one month after operation showed height at end of one hour. At this 
time a second operation was done and the pituitary 
with no bleeding. The dog died before the wound was closed. 


was removed completely 


Necropsy and Histologic Study of Tissue—Hypothalamus showed a definite 
injury in the left mammillary body. There was a very much enlarged thymus 


TABLE 8.—Group H—Hypothalamic Puncture 


Dog 26 Dog 34 


Date Blood Sugar Blood Sugar ate Blood Sugar 
0.132 3 24 J 0.099 24/2 0.117 
Operation 3 gm. glucose Operation 
0.114 2 u 0.135 0.091 
0.106 3.2 gin. glucose 
0.101 2 hours 086 1% hour 0.109 
0.109 3 hours 0.080 1% hours 0.127 
glucose Operation 2% hours 0.096 
3/ 6/2 0.077 T/A 0.090 
0.075 2.85 gm. glucose 
3 gm. glucose intravenously 
6 hour 0.104 2 iin. 0.116 
1 hour 0.117 3 lin. 0.096 
2 hours 0.003 57 min. 0.086 
3 hours 0.088 . 46 min. 0.067 
3/18/24 0.080 5/ 8/2 Died 
4/ 7/24 Died 


— 


slood Sugar Date Blood Sugar 
0.101 5/12/24 0.096 
2.85 gm. glucose Operation 
intravenously 5/13/24 0.098 
0.207 5/15/24 0.088 
0.188 5/19/24 Died 
0.129 
0.120 
Operation 
0.090 
0.088 
0.093 


Killed 


in this dog. (Pancreas, ovaries, suprarenals, thyroid, see Table 8.) Liver 
a cloudy swelling in cells about the central vein. 


Preoperative blood sugar, 0.099. 


showed 
Doc 26.—Female, aged +1, weight 6.6 kg. 
Average postoperative blood sugar, 0.077 (Fig. 6). 
Operation—Regular procedure. Pituitary exposed and a puncture made 
posterior to the stalk with a ganglion hook. No bleeding. 
There was definite glycosuria on the day following, with 


Clinical Course 
The animal appeared drowsy and had 


transient polyuria the next two days. 
loose bowel movements for several days. Sugar tolerance curve one 


very 
Dog gradually became markedly 


week after operation showed a delayed rise. 
emaciated and for two days before death, five weeks after operation, was 


unable to stand. 
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Dog 25 
Dog 36 Dog 37 
Date 
5/ 7/24 A 
5 min. 
35 min 
1 hour 
1 hour 35 min 
8/94 
5/10/24 
5/17/24 
6/ 24 
6/ 5/24 a7 


pancreas, thyroid, see Table 8.) 
Doc 34.—Male, aged —1, weight, 7 kg. 
Average postoperative blood sugar, 0.090. 
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Necropsy and Histologic Study of Tisswe—Hypothalamus showed pituitary 
ntact. There was an injury to the tuber about the stalk. (Suprarenals, ovaries, 
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Preoperative blood sugar, 0.117. 


Operation —Regular procedure. Pituitary exposed and puncture made pos- 


" terior to the stalk with a ganglion hook. For two days following there was 
glycosuria and transient polyuria. A week after operation the sugar tolerance 
y 
e 
IS 0.130 | \ 
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er Fig. 6—Blood: sugar curve in Dog 26. 
9, curve showed a delayed rise. The dog grew emaciated and before death, two 
weeks after operation, was unable to stand. 1} 
de Necropsy and Histologic Study of Tissue-——-Hypothalamus showed intact gland 
and a lesion in the tuber. (Testes, suprarenals, pancreas, see Table 8.) Thyroid 
th showed a marked hyperplasia of the epithelial elements. Probably a simple 
ad goiter which was present before operation. 
ne Doc 36.—Male, aged +1, weight, 6 kg. Preoperative blood sugar, 0.101. 
ily Average postoperative blood sugar, 0.090. 
as Operation.—Regular procedure. Pituitary exposed and puncture made pos- 


terior to stalk with ganglion hook. 


4 
i 


356 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Clinical Course —For three days following the operation there was an anuria, 
then for a week the animal put out but very little urine. No glycosuria, no poly- 


uria. Dog was drowsy for two weeks. Killed one month later. Hair appeared 
coarse. 


Necropsy and Histologic Study of Tissue —Hypothalamus showed intact gland 
and a lesion of small extent on the tuber. (Testicles, pancreas, liver, supra- 
renals, thyroid, see Table 8.) 

Doc 37.—Male, aged +1. Preoperative blood sugar, 0.096. Average post- 
operative blood sugar, 0.093. 


Operation—Regular procedure. Pituitary exposed and a rather extensive 
lesion made posterior to stalk. 


Clinical Course —Dog had a low output of urine for the first four to five 
days and developed anuria before death, seven days later. No glycosuria. 


Necropsy and Histologic Study of Tissue Hypothalamus showed gland intact 
with an extensive lesion in tuber, hemorrhage and infiltration in brain substance. 


GROUP I—ANTERIOR LOBE INJECTED WITH CRUDE COAL TAR 
Doc 33.—Male, aged +3 months. Preoperative blood sugar, 0.099. Average 


postoperative blood sugar, 0.098. 


TABLE 9.—Group I—Anterior Lobe Injected 


Blood Sugar 
0.099 
Operation 
0.098 
0.099 
Glucose 
14 hour 
1 hour 
2 hours 
3 hours 
4/17/24 A 
Glucose 
hour 0.145 
1 hour 0.115 
2 hours 0.090 
3 hours 0.095 
5/ 5/24 killed 


Operation.—Regular procedure. Pituitary exposed and anterior lobe located 
A very fine glass tube was introduced into this and crude coal tar forced in, 
about two drops. Field clear and it was possible to see where tar was introduced 
in anterior lobe. 


Clinical Course—No polyuria, no glycosuria. Dog made excellent recovery 
and was lively the following day. Sugar tolerance curves one week and twc 
weeks after operation showed height at the end of one-half hour. Killed one 
month later. 


Necropsy and Histologic Study of Tissue—Anterior lobe showed scar tissue. 
No hypothalamic injury. Posterior lobe and middle lobe intact. (Testes, pan- 
creas, suprarenals, liver, see Table 9.) Thyroid rather vascular. 


GROUP J—REMOVAL WITH EXTENSIVE INJURY TO HYPOTHALAMUS 


Eight of the animals operated on died within twenty-four hours following 
various stages of removal. These animals had no special work done so they 
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are not included in our series but are mentioned as a separate group because 
every one showed extensive injury to the hypothalamus. Five had extensive 
hemorrhage and three had an opening into the third ventricle. Five apparently 
had a total removal and two had parts of the anterior lobe left. No other 
tissues were studied. 


TABLE 10.—Histologic Findings in Other Endocrine Glands * 


Group Dog Thyroid Gonads Pancreas Liver 
B 6 Normal Normal Norma! 


( 1] Distinct hyper- Normal 
plasia of 
epithelium 

15 Marked hyper- Normal 


plasia of 
epithelium 


Slight hyperplasia 
of epithelium; dimin- 
ished colloid 


Normal Normal 


Thyroid lost Normal ? diminution of 
islands of Lan- 


gerhans 


Normal « Normal Normal 
10 Normal; large Diminution of Normal 


amount of colloia spermatogenesis 
19 Normal ? some fibrosis Smallnumber 
around follicles of islands 
20 Normal Testicular Normal or ? pro- Degeneration 
atrophy liferation of around central 
islands vein 
Normal or Early atrophic 
small amount changes in 
hyperplasia testicles 
30 Normal Testicular Smal] number Changes around 
atrophy of islands central vein 


Thyroid lost Testicular Small number 
atrophy of islands 


Normal Fibrosis in ovary Normal 


Slight hyper- 


Fibrosis in ovary Normal Necrosis around cen- 


plasia of tral vein with some 
epithelium parenchymatous 
changes 
26 Slight hyperplasia Early atrophy of Normal Some changes around 
of epithelium testicle central vein 
34 Marked hyperplasia Early atrophy of Increaseinislands;  ........ 
of epithelium testicle hyperplasia f 


(goiter probably pres- 
ent before operation) 
36 Normal] Early atrophy of Normal Degeneration around 
testicle central vein 


I 33 Marked hyperplasia Normal ? diminished Some necrosis around 
of epithelium islands central vein 


* No changes noted in suprarenals of any of the cases with the stain used. 


STUDY 


OF SYMPTOMS 

In Group A, the control animals, no changes were noted. The sugar 
values were the same before as after the operation, and there was no 
polyuria. The transient glycosuria in Dog 24 may be mentioned as 
of passing interest. In making the opening through the dura, a venous 


hemorrhage ensued. The brain spoon was never introduced, so there 


a, 
id 
a- 
ve 
ct 
18 
H 
i 
hey 
i 
ie 


358 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


was no question of hypothalamic injury. The hemorrhage was stopped 
before the wound was closed, but it is possible that there was enough 
pressure on the hypothalamus to cause a glycosuria. It is difficult to 
evaluate this symptom. 

In Group B, removal of the posterior lobe, we have an interesting 
contrast. Dog 4, as shown by the sections, had an injury in the region 
of the tuber. Clinically, he showed transient glycosuria, and transient 
polyuria, and he died, somewhat emaciated, two weeks and three days after 
operation. The average of the postoperative blood sugar values was 
higher than the preoperative, if we leave out a final value of 0.047 just 
before death. On the other hand, Dog 6 had no glycosuria or polyuria, 
and lived until killed over six months later. This dog appeared fatter, 
but the total gain in weight was only 0.7 kg. This might be accounted 
for by his inactivity. The average of the postoperative blood sugar 
values was higher than the preoperative, and the sugar tolerance curve 
showed a delayed rise. These were the only animals in which the post- 
operative sugar values were higher than the preoperative. 

In Group C, with partial removal of the anterior lobes, we have a 
rather interesting pair. Both animals showed that the posterior lobe 
and a small part of the anterior lobe had been left and no hypothalamic 
injury. They showed no glycosuria and no polyuria and no clinical 
symptoms. There was practically no change in the blood sugar values 
after operation and the sugar tolerance curve showed a normal type 
with the top of the curve at the end of one-half hour. These animals 


were both killed for study four and one half and five months later. 


Dog 17, with a total posterior and a partial anterior lobe removal, 
but with no injury to the hypothalamus, showed a postoperative blood 
sugar average which was slightly lower than the preoperative and a 
delayed rise in the sugar tolerance test. There were no clinical symp- 
toms. The gain in weight was 2.4 kg. 

Dog 18, with a partial removal of all parts plus a hypothalamic 
injury, showed a postoperative blood sugar average slightly lower than 
the preoperative. The dog was lethargic and became emaciated before 
death nineteen days after operation. This dog had practically the same 
amount of pituitary removed as in Dog 17 but there was an injury to 
the tuber. 

In Group F, seven animals with total removals without injury to 
the hypothalamus, we find that there were no marked symptoms. All 
dogs, except one, Dog 9, which died of distemper one month after opera- 
tion, were killed for study. There was no glycosuria and but one, 
Dog 23, showed any polyuria and that was for one day only. There 
were no marked lethargic symptoms although two showed some 
drowsiness for a day or so. The postoperative blood sugar average was 
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lower than the preoperative and all sugar tolerance curves showed a 
delayed rise. Dog 30 became somewhat fatter. 

In Group G, six animals with total removals with injury, we have, 
in contrast to Group F, quite marked symptoms. The animals were all 
lethargic following operation, for several days. There was polyuria in 
all dogs except one, which died five days after operation, during which 
time he had a very low output which ended in anuria. One dog had 
transient glycosuria. One animal was killed one month after operation, 
for study. One was killed three weeks after because he was in such poor 
condition. One died following a pancreatectomy. The others died in 
‘rom three days to two weeks with symptoms of weakness and emacia- 
tion. The blood sugar average following operation was lower than 
before except in Dog 22. The sugar tolerance curve showed a delayed 
rise in all cases. 


In Group H, five animals with hypothalamic puncture, the animals 
showed the same type of symptoms as in Group G. In three there was 
polyuria with glycosuria; in one oliguria, which developed into anuria 
before death, and in one anuria which changed to a low output, then a 
normal output. Two developed a marked weakness and emaciation 
before death. One died a week after operation, never having fully 
recovered. One was killed a month later for study, and one died before 
he left the table following a secondary operation for removal of the 
pituitary. 

With Dog 33 an attempt was made to produce hypersplasia of the 
anterior lobe by injecting crude coal tar.** Histologic examination 
revealed a sclerosis, increased connective tissue, in the anterior lobe; 
sO we are grouping it as, at least, a partial destruction of this part of the 
gland. This animal showed no symptoms, and his postoperative blood 
sugar tolerance curve was of the normal type. 

In Group J, we have collected eight animals that showed extensive 
injury to the hypothalamus and died within twenty-four hours following 
operation. On these no other work than the recording of preoperative 
blood sugar was done because of their death. Five of these apparently 
had complete removals, while two had some tissue left. These are of 
interest because they show the rapid death which occurs when there is 
extensive injury to the hypothalamic region. 


CLINICAL CORRELATIONS 


Polyuria and Adiposogenital Dystrophy Syndrome.—During the 
past few years, there has been a vast amount of clinical evidence pre- 
sented to show that the hypothalamic region, rather than the pituitary, 


34. Jorstad, L. H.: A Study of the Behavior of Coal Tar on the Tissues, 
Proc. Soc. Exper. Biol. & Med. 21:67, 1923. 
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is the important locus in the production of diabetes insipidus and the 
adiposogenital dystrophy syndrome. Many cases of diabetes insipidus, 
alone or with adiposity or with adiposity and genital dystrophy, have 
been reported with histologic examinations showing lesions in the 
hypothalamic region. 

Following the recent epidemic of epidemic encephalitis, a great 
number of cases have been observed. Briand and Berquier,*> Hoke,** 
Dopter,** Bérnard,** Ebaugh and Signovelli*! report cases. 
Massalerigo ** reports the syndrome as a sequel to encephalitis, influenza, 
typhoid and basilar meningitis. Nakamuro * reports a case with hem- 
orrhage and inflammation in the hypothalamus. Basilar syphilitic men- 
ingitis was responsible in the case of Francois and Magriol,** meningitis 
with a lesion of the tuber cinereum in the case of Camus, Roussy and 
l.eGrand,’* traumatic injury in the case of Pascheff.4° Fromment *° 


and L’Hermitte ** discuss the syndrome in cases with lesions of the tuber 
cinereum. Lewy ** shows a picture of changes in a nerve cell group of 
the tuber cinereum in a case of diabetes insipidus. 

Although obesity has often been noted with polyuria, obesity alone 
occurs in most cases. Raab ** discusses forty-three cases, some of which 


35. Briand, M., and Berquier, A.: Encéphalite grave compliquée de diabéte 
insipide, Soc. méd. des hop., June 4, 1920, p. 769. 

36. Hoke, E.: Wien. klin. Wehnschr., June 24, 1920, p. 562. 

37. Dopter: Soc. méd. des hép., June 4, 1920. 

38. Bérnard, R.: Encéphalite léthargique avec polyurie extreme, Bull. de la 
Soc. méd. des hop. 38:553, 1922. 

39. Hall, G. H.: Diabetes insipidus. A Case Report Following Epidemic 
Encephalitis with Enormous Polyuria, Am. J. M. Sc. 165:551-562, 1923. 

40. Ebaugh, J. G.: Neuropsychiatric Sequelae of Acute Epidemic Enceph- 
alitis in Children, Am. J. Dis. Child. 25:88-98, 1923. 

41. Signovelli, E.: Diabetes Insipidus and Epidemic Encephalitis, Arch. 
patol. e. clin. med. 2:89, 1923. 

42. Massalerigo, R., and Piazza, P.: Sindrome ipofisiaria adiposo-genitale 
post infettiva, Riforme med. Naples 30:1048-1077, 1914. 

43. Nakamuro, H.: Pathological Findings of Dr. Sargo’s Case of Diabetes 
Insipidus, Juzenknai Jasshi, 27, No. 4, 1922; abstr., Jap. Med. World 2:266, 1922. 

44. Francois, H., and Magriol, C.: Syndrome de Parinaud avec polyurie, 
Rev. neurol. 30:242, 1923. 

45. Pascheff, C.: Preliminary Communication on Injury as a Cause of 
Diabetes Insipidus with Bitemporal Haemanopsia, Brit. j. Ophth. 6:549-554, 1922. 

46. Fromment, J.: Pituitary Disease and Syndromes from Disease of Tuber 
Cinereum, Lyon méd. 131:657-725, 1922. 

47. L’Hermitte, J.: Le diabéte insipide d’origione infundibulaire étude anato- 
mochirque, Compt. rend. Soc. de biol. 86:579-581, 1922. 

48. Lewy, F. H.: Demonstration of a Case, Deutsch. med. Wchnschr. 48: 
1663, 1922. 

49. Raab, W.: Cerebral Obesity and Genital Atrophy, Wien. Arch. f. innere 
Med 7:443-612, 1924; abstr., J. A. M. A. 82:1486, 1924. 
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showed obesity alone, others genital atrophy alone. He believes that 
these symptoms are not caused by an injury to one center, but that 
there are two distinct centers. In regard to this, it is interesting to note 
that often experimentally one sees a rapid development of adiposity 
which precedes the genital dystrophy. It is probable that the obesity is 
not due, at least entirely, to the genital dystrophy. Nobecourt *° reports 
a case of postencephalitic obesity. 

Glycosuria.—Glycosuria has been frequently noted with acromegaly. 
This is a fairly common observation, and many cases have been reported. 
That other lesions than a tumor of the anterior lobe of the pituitary 
are associated with glycosuria, is not so well known. 

L’Hermitte and Roeder * present a case of glycosuria with an injury 
in the hypothalamic region. De Jeyssieu ** reports a case of obesity and 
elycosuria following a wound through the frontal lobe. Meineri ** 
quotes a case of central nervous system syphilis with glycosuria which 
cleared up following antisyphilitic treatment. L’Hermitte and Funet *! 
report a case, supposedly of central nervous system syphilis, with gly- 
cosuria which improved temporarily following lumbar puncture. Lucien 
ind Parsitot *° report a case of tuberculosis of the pituitary with sugar 
in the urine. 

Cases of lesions in a distant portion of the brain with a secondary 
pressure on the hypothalamic centers have been reported. Luce ** and 
de Monehy ** have each reported a case of pineal tumor with obesity. It 
seems probable that the cause of the obesity in these cases was either 
direct pressure on the hypothalamic region or indirect pressure as a 
result of the accompanying hydrocephalus. It is to be remembered that 
Cushing often noted the obesity syndrome secondary to hydrocephalus. 


50. Nobecourt: L’obésité dans l’encéphalite épidémique, Soc. méd. hop. 
37:729, 1921. 

51. L’Hermitte, J., and Roeder: Diabéte glycosurique chez un veillard di 
80 ans. Ramollisseinent ancien sous—thalamique, Rev. neurol. 29:758-761, 1922. 

52. De Jeyssieu, M.: Obesity Syndrome with Glycosuria Following a Wound 
of the Frontal Lobe, Rev. neurol. 29:1020-1021, 1922. 

53. Meineri, P. A.: Diabetes with Syphilis with Central Nervous System 
Symptoms which Cleared with Treatment Following Clearing of Central Nervous 
System Symptoms, Policlinico 30:265-327, 1923; abstr., J. A. M. A. 80:1816, 
1923. 

54. L’Hermitte, J., and Funet: L’influence Frénatrice de le poncton lombaire 
sur la glycosurie, Compt. rend. Soc. de biol. 86:479, 1922. 

55. Lucien, M., and Parsitot, J.: Tuberculose de l’hypophyse et de diabetes 
sucre, Rev. neurol. 17:970, 1909. 

56. Luce, H.: Zur Diagnostik der Zirbelgeschwilste und zur Kritik der 
cerebralen Adipositas, Deutsch. Ztschr. f. Nervenheilk. 68-69: 137-210, 1921. 

57. De Monehy, S. J. R.: Rhythmical Convergence Spasm of the Eyes in 
a Case of Tumor of the Pineal Gland, Brain 46:179-188, 1923. 
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His explanation was that the secretion of the gland failed to enter the 
circulation. It should be emphasized that lumbar puncture alone has 
relieved symptoms in many cases.** 

Anders and Jameson *® report a case of acromegaly with glycosuria 
and review twenty-eight cases from the literature with so-called pituitary 
disturbances and glycosuria. Of these, ten cases did not show acro- 
megaly. Among the lesions were gummas, tubercles and fractures. A 
number of the cases had exophthalmos. 


Blood Sugar Studies —The study of blood sugar values and sugar 
tolerance curves has yielded no constant results in clinical cases. It 
seems that this has been due, to some extent, to a lack of a standard 
routine. Varying amounts of sugar have been used and the time of 
taking blood samples has varied with different workers. 

To begin with, we established the time factors of one-half hour, one, 
two and three hours as the basis of our curves. We find that Gray ° in 
recording the mean average blood sugar curve of 300 normal persons, 
showed that the high point of the curve was reached at the end of one- 
half hour. In the same paper, he gives the blood sugar tolerance curves 
from sixteen pituitary cases, and these all show the high point at the 
end of one hour as did our experimental animals. Hamman and 
Hirschman * give a blood sugar curve in a case with hypophysial cyst 
which shows that the high point was reached at the end of an hour. 
Major ® states that he found no constant type of curve in his pituitary 
cases, but his blood samples were taken at hour intervals and cannot be 
compared to our experimental results which depend on the half-hour 
value. 

Wilder, Russel and Sansum * found no increase in glucose tolerance 
in pituitary dystrophies following intravenous injections, and they sug- 
gested that the increased tolerance found by the oral administration of 
58. Tucker, J.: Diabetes Insipidus Relieved by Lumbar Puncture, Am. J. 
M. Sc. 163, May, 1922. Herrick, J. B.: Report of a Case of Diabetes Insipidus 
with Marked Reduction in the Amount of Urine Following Lumbar Puncture, 
Arch. Int. Med. 10:1 (July) 1912. Graham, E. A.: Spinal Puncture in Diabetes 
Insipidus, J. A. M. A. 69:1498 (Nov. 3) 1917. Also footnotes 13 and 54. 

59. Anders, J. M., and Jameson, H. L.: The Relation of Glycosuria to 
Pituitary Disease and Report of a Case with Statistics, Am. J. Med. Sc. 148: 
323-329, 1914. 

60. Gray, Horace: Blood Sugar Standards, Arch. Int. Med. 31:245 (Feb.) 
1923. 

61. Hamman, L., and Hirschman, I. I.: Studies on Blood Sugar, Arch. 
Int. Med. 20:761-808 (Nov.) 1917. 

62. Major, R. H.: Studies on Sugar Tolerance, Bull. Johns Hopkins Hosp. 
34:21-26, 1923. 

63. Wilder, Russel and Sansum: d-Glucose Tolerance in Health and Dis- 
ease, Arch. Int. Med. 19:311 (Feb.) 1917. 
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glucose was due to a delayed absorption in the small intestine. Major 
does not believe this to be true. We were not able to check this factor 
to our complete satisfaction. This point of view should undoubtedly be 
taken into consideration, and we are now carrying out a series of experi- 
ments with intravenous injections of glucose. 

There does not seem to be much doubt concerning the variation in 
carbohydrate tolerance, as determined by oral administration, following 
pituitary lesions. Goetsch, Cushing and Jacobson’*® found a post- 
operative lowering of the carbohydrate tolerance for a few days only. 
This later returned to normal or above. Cushing has reported clinical 
cases with an increased tolerance for sugar. Houssay, Hug and 
Malamud * say that they can find no marked difference in carbohydrate 
metabolism in dogs with the pituitary removed, but that dogs with 

diposogenital dystrophy seem to display a greater tolerance for a while. 

Unfortunately, we are unable to use all of the records of our own 

linical cases as the routine for the sugar tolerance test as carried out at 
arnes Hospital calls for blood samples at hour intervals. We have, 
owever, a recent record of a‘case with a supraseller cyst which shows a 
lelayed rise in the blood sugar curve. Another patient with an adenoma 
f the pituitary, verified at operation, showed a basal metabolism of 
-40 per cent. and a delayed rise in his blood sugar curve. The case 
mentioned in the introduction of this paper, Mrs. W., had a basal 
netabolism rate of + 16 per cent., and there was a delayed rise in the 
blood sugar curve. 

In a case of postinfluenzal obesity, with no radiologic signs in the sella 
turcica region, there was a delayed rise in the blood sugar curve at each 
f four examinations, and the basal metabolism varied from + 5 per 
cent. to + 18 per cent. This case is of interest as it shows the adiposo- 
genital syndrome immediately following a severe attack of influenza. 
There were no symptoms pointing to the pituitary, and pituitary medica- 
tion did not lessen the obesity. There was no polyuria. There was 
probably an encephalitic lesion in the hypothalamic region in this case. 

Basal Metabolism Studies —Basal metabolism studies, both clinical 
and experimental, have again given conflicting results. Benedict and 
Homans,*®* following removal of the gland in dogs, found a variation 
in the metabolic rate. In some cases there were lowered values, in others 
no changes. Means * found changes in persons, diagnosed as having 


64. Houssay, B. A.; Hug, E., and Malamud, J.: Pituitary Body and Carbo- 
hydrate Metabolism, Rev. Assoc. méd. Argent. 34:1128, 1921. 

65. Benedict, G., and Homans, J.: The Metabolism of Hypophysectomized 
Dogs, J. Med. Res. 25:409-502, 1911-1912. 

66. Means, J. H.: Studies on the Basal Metabolism in Obesity and Pituitary 
Disease, J. Med. Res. 27:121-158, 1915. 
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pituitary dystrophies of various types, but these were not constant. 
Pareja,” reporting findings in 150 cases, concludes that there tends to be 
an increased basal metabolic rate in hyperfunction cases and a lowered 
rate in cases with hypofunction. This differentiation seems somewhat 


precarious, as the clinical basis for such diagnoses is far from being 


definite. 

Labbé, Stévenin and Bogaert ** report ten cases of adiposogenital 
syndrome which show a lowered metabolic rate. These cases showed no 
radiologic or other evidence of pituitary involvement, and_ they 
believe that the syndrome is not due to a primary gonadal dysfunction 
but rather to a lesion in the hypothalamic region. 


SUMMARY 


The work that we have presented confirms the view of those recent 
investigators who have tried to differentiate between symptoms arising 
primarily in the hypophysis and those arising primarily in the hypo- 
thalamus. Some have claimed that the tuber cinereum is responsible for all 
these symptoms. The present work was not designed to clear up this point, 
but the experiments seem to show pretty clearly that more than the tuber 
cinereum is responsible for some of the symptoms which others have 
attributed entirely to it. Thus we have been able to produce polyuria 
with lesions elsewhere than in the tuber cinereum. We are inclined to 
believe that there is a nerve pathway from this region running caudad. 
In reviewing the literature, we have been struck by the large amount of 
clinical evidence which supports this view. It has also been shown 
experimentally, first by Claud Bernard and more recently by Vail, that 
lesions at other points in the brain stem and medulla will cause a 
polyuria. 

Several of the recent workers have shown that a polyuria can be 
produced even after a complete denervation of the kidneys. Although 
there has been some controversy over the assertion that the kidneys 
can be completely denervated, some claiming that there are nerve fibers 
of the sympathetic system running from the suprarenals to the kidneys, 
the preponderance of evidence favors the view that it is possible. This 
being true, we are obliged to fall back on a theory of systemic dis- 
turbance. This might be either a general vasomotor phenomenon due to 
disturbance of the midbrain or medullary centers, or it might possibly 
be a disturbance of body metabolism. 


67. Pareja, J. Montes: Pituitary and Basal Metabolism, An. de la Facultad 
de Med., Montevideo, 8:1102 (Dec.) 1923; abstr., J. A. M. A. 82:1573 (May 
10) 1924. 

68. Labbé, Stévenin and Bogaert: Basal Metabolism in Adiposo-Genital 
Syndrome, Ann. de Med. Paris 15:112, 1924. 
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There is other evidence which tends to support the assumption that 
a disturbance of body metabolism is at the basis of these symptoms. 
Rogers,*® working on the hypothalamus of birds, has noted variations 
in water elimination and the metabolic rate, shown by changes in carbon 
dioxid exchange and temperature, the pituitary being intact. It has 
been noted often that fat is rapidly acquired in animals that have been 
operated on, with no evidence of an associated lesion in the gonads. 
This would suggest a primary change in metabolism. Furthermore, 
subnormal temperatures are frequently found in these animals. 

The presence of hyperglycemia and glycosuria in many cases might 
be attributed to the same cause. That the diabetes in pituitary cases is 
similar to a diabetes primarily due to lesions in the pancreas has been 
shown by blood sugar tolerance curves and by the effect of insulin on 
the hyperglycemia. In the case mentioned in the introduction of this 
paper and in a case reported by Blum and Schwab,” the hyperglycemia 
responded to insulin treatment. 

On the other hand, Burn * has shown that the simultaneous injec- 
tion of posterior lobe extract of the pituitary with insulin prevents the 
usual hypoglycemia. That this was due to the oxytocic substance, was 
shown by injecting the same amount after the active principle had been 
lestroyed by boiling. Extracts of other glands did not have a similar 
effect. Olmstead and Logan *? concluded that there was an antagonistic 


action between insulin and the pituitary, after decerebration experiments 


on cats. When the pituitary was left, there were no blood sugar changes 

m injecting insulin, but when it was removed, there was a resulting 
hypoglycemia. In the latter animals, injection of commercial pituitary 
extract seemed to have the same effect, only to a lesser degree, as 
leaving the gland undisturbed. 

It is interesting at this point to note that in our experimental animals 
which showed a delayed rise in the sugar tolerance curve, the posterior 
lobe was absent, or there was a hypothalamic injury. In those with the 
anterior lobe removals only, the curve was of the normal type. A few 
typical curves are shown graphically: a normal, an anterior lobe 
removal, a posterior and partial anterior lobe removal, a total removal 
and a hypothalmic puncture (Fig. 2 to 6). 


69. Rogers, Fred T.: The Relation Between Lesions of the Brain Stem, 
Water Elimination and Body Temperature, Am. J. Physiol. 66:284, 1923. 

70. Blum, L., and Schwab, H.: Diabéte acromegalique et insulin, Compt. 
rend. Soc. de biol. 89:1956, 1923. 

71. Burn, J. H.: The Modification of the Action of Insulin by Pituitary 
Extract and Other Substances, J. Physiol. 57:318, 1923. 

72. Olmstead, J. M. A., and Logan, H. D.: The Effect of Insulin on the 
Central Nervous System and Its Relation to the Pituitary Body, Am. J. Physiol. 
66:437, 1923. 
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It does not seem that any definite statements can yet be made con- 
cerning the function of the pituitary. It may be that the action of the 
pituitary is controlled or mediated through nerve centers in the hypo- 
thalamic region. Both Cajal and Berkley have traced nerve fibers from 
the gland to centers in the tuber cinereum. In order to throw further 


light on this as a possibility, it will be necessary to carry out accurate 


degeneration experiments by the Marchi method on animals with various 
types of careful controlled lesions. These studies should not be limited 
to the immediate region, but should extend the length of the medulla 
and cord. 

Our work has, however, shown quite conclusively that the pituitary 
gland is not essential for life. It is interesting that this view was first 
expressed many years ago by Victor Horsley. Then for many years 
investigators threw doubt on this view, but it seems now as if his con- 
clusions were correct. 

The question of interrelation between the pituitary and other glands 
of known internal secretion is still uncertain. As far as we can find 
out, there is no good evidence that extracts of the anterior lobe have any 
definite physiologic activity. This should be the portion of the gland, 
if any, that has an internal secretion, because it has the characteristic 
histology of a gland, while the posterior lobe is composed of neuroglia 
and nerve structures. Both clinical and experimental evidence has been 
put forward to show that changes in the anterior lobe occur with lesions 
of other endocrine glands. Fry“ states that “definite histological 
changes occur in the anterior lobe of the pituitary in case of diabetes and 
glycosuria.” Kraus ** says that the pituitarys of depancreatized cats 
show a decrease in acidophilic cells, and that in human diabetes there 
are similar changes. On the other hand, Cushing and Goetsch ** found 
changes in the posterior lobe and the infundibulum after extirpation of 
the pancreas in dogs. The views on this subject seem to be of a 
conflicting nature. 

In our series, aside from the gonadal changes which have been shown 
to occur with hypothalamic puncture alone, we found a definite hyper- 
plasia of the thyroid in the three cases in which the anterior lobe was 
traumatized. In two cases (Dogs 11 and 15), an almost total removal 
had been performed and in the third (Dog 33), crude coal tar was 
injected into the anterior lobe. Such marked hyperplasia did not occur 

73. Fry, H. J. B.: Pituitary Gland in Diabetes Mellitus and Diseases of 
the Glands of Internal Secretion, Quart. J. Med. 8:276, 1914-15. 

74. Kraus, E. J.: Pancreas und Hypophyse. Eine trerexperimentelle Studie, 
Beitr. z. path. anat. u. z. allg. Path. 68:258, 1921. 

75. Cushing, H., and Goetsch, E.: Concerning the Secretion of the Infundibu- 
lar Lobe of the Pituitary and Its Presence in the Cerebrospinal Fluid, Am. J. 
Physiol. 27:60, 1910-1911. 
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in the other experiments, with the exception of Dog 34, but this case 
we have not included because we think there was a goiter present 
before operation, as frequently occurs in this part of the country. We 
found it difficult to estimate the condition of the islands of Langerhans. 


hose that we have noted as showing changes were distinct, those on 


the borderline we called normal. In order to obtain an accurate esti- 
ate, a count would be necessary from the same portion of every 
ncreas. 

While there are still many unsettled points in this problem, recent 
studies have tended to clarify the situation. It is evident from our own 
studies and a review of the literature that future workers must pay 
much greater attention to the hypothalamic region as a center of vegeta- 
tive and nervous functions. In surgical work in this region, the involve- 

ent of the hypothalamus in any given case must be carefully considered 
both as regards prognosis and operative indications. 


CONCLUSIONS 
Because of the vast amount of clinical evidence showing a disturbance 
carbohydrate metabolism in pituitary lesions, we have carried out an 
experimental study of blood sugar values in the dog following removal 
the hypophysis and lesions of the hypothalamic region. ‘The lateral 
proach of Cushing and Paulesco was used. Protocols of thirty-five 
erated animals are reported, with blood sugar values, blood sugar 
lerance curves, urinary findings, clinical symptoms and postmortem 

histologic findings. The results of the experiments may be summarized 
follows: 

1. Complete removal of the pituitary, if the hypothalamus is not 
injured, does not lead to the death of the animal. 

2. Deaths that occurred were always associated with hypothalamic 
injury. 

3. These experiments confirm the work of others that polyuria is 
apparently due to hypothalamic injury. 

4. The blood sugar average in fasting animals is slightly lower after 
pituitary or hypothalamic operation, but this may be within normal limits 
of variation. 

5. Transient glycosuria for from one to two days occurred after 
hypothalamic puncture in a few cases, and during this time the blood 
sugar was higher than normal. Because of the transience of this 
symptom, we do not consider it of great importance. 

6. The height of the blood sugar curve following operation, in all 
cases except those of anterior lobe removal, was reached at the end of 
one hour, in contrast to the curve in normal animals in which the height 
occurs at the end of one-half hour. 
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7. The blood sugar curve in the cases of anterior lobe removal was of 
the normal type. 


8. We were unable to produce a permanent glycosuria experi- 
mentally, although it has been observed in cases of pituitary disease. 
Some, but not all, of these were cases of hyperfunction of the anterior 
lobe, which cannot be produced experimentally. 


DISCUSSION 


Dr. PercivaL BaiLey, Boston: In the spring of 1922, I began, with the 
collaboration of Dr. Hilding Berglund of the biochemical laboratory of Harvard, 
a series of experiments bearing on the point of the relationship between the 
hypothalamus and glucose tolerance. By continuous intravenous injections of 
glucose with the Woodyatt apparatus, we were never able to show an increase 
in glucose tolerance after removal of the hypophysis. 

In two cases we found that after an injury to the hypothalamus there was 
a slight elevation in glucose tolerance,. but the experiments were discontinued 
because other experiments carried out in the biochemical laboratory seemed 
to show that there was no constant glucose level in dogs, and our experiments 
were therefore inconclusive. Both series of experiments are as yet unpublished. 

Dr. Ernest Sacus, St. Louis: I was hoping that Dr. Bailey might throw 
some light on this; I am at a loss to explain the clinical observations noted 
in this case. A prolonged glycosuria in a pituitary case is most unusual 
Nothing in animal experiments is comparable to it, except in the case of 
rabbits, in which it is possible to produce a glycosuria with little difficulty 
In dogs and cats, when a glycosuria is produced at all, it is transient. It 
does occur, however, in these animals apparently only after a hypothalamic 
injury, and I am inclined to believe that we were dealing with such an 
injury in this clinical case. 

Dr. Percivat Baitey: In the experiments to which Dr. Sachs refers, serious 
intestinal lesions were produced in the rabbits, and this may account for the 
glycosuria. Rabbits are unsuitable subjects for experiments on glycosuria. 


HISTOPATHOLOGIC CHANGES IN SPINAL CONTUSION 
REPORT OF A CASE* 


GEORGE B. HASSIN, M.D. 
\ssociate Professor of Neurology, University of Illinois College of Medicine 


CHICAGO 


That traumatic lesions of the spinal cord caused, for instance, by a 


ll, blow or gunshot wounds, may produce not only local but also 
mote changes, is proved by numerous clinical, pathologic and experi- 
ental studies. The local lesions are due to the direct effect of the 
jury, that is to say, to the contusion; the remote phenomena are the 
sult of concussion. The former, manifesting themselves in laceration 
the cord substance, hemorrhages, rupture of the meninges, etc., are, 
a rule, so gross that a diagnosis is not difficult. In contrast, the 
enomena of concussion may be so minute and microscopic that their 
monstration is possible only after most careful study. 

Discussed by me at some length elsewhere,’ they will be taken up 
re in conjunction with changes obtaining in spinal contusion. 


CASE REPORT 


History—A Spaniard, age unknown, was admitted to my service at Cook 
unty Hospital, Oct. 19, 1923, in a paralyzed condition, having been shot 
the neck and left shoulder ten days previously. 

Examination revealed a bullet wound in the upper left side of the neck, 

ich was tender and rigid, bed sores in the gluteal regions, distended abdomen, 

allow and rapid breathing, cracking rales in the bases of both lungs pos- 
riorly and along the axillary lines and a normal heart. 

The parts supplied by the cranial nerves, including the pupils and the 

ilpebral fissures, and the upper extremities were normal. The lower extremities 
were paralyzed and flaccid. The knee, Achilles, and abdominal reflexes were 
absent bilaterally; the biceps, triceps, corneal, conjunctival and cremasteric 
reflexes were present; the plantar reflexes were not obtained. 

Sensibility for touch, pressure, position, temperature and pain was lost up 
to the level of the eighth thoracic segment. The urine was bloody and con- 
tained albumin and a few granular casts. There was complete retention. The 
temperature was 101 F.; the pulse rate, 120; respiration, 28. 
test with both blood and spinal fluid was negative. 


The Wassermann 


Roentgen-ray examination revealed “an unmutilated bullet longitudinally 
placed dorsad to the tenth thoracic vertebral body without its mutilation and 
at approximately the anteroposterior depth of the articular facets.” 


* From the Division of Neurology of the College of Medicine of the Uni- 
versity of Illinois and the Pathology Laboratories of the Illinois State Psycho- 
pathic Institute and Cook County Hospital. 


1. Hassin, G. B.: Concussion of the Spinal Cord, Arch. Neurol. & Psychiat. 
10:194 (Aug.) 1923. 
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The patient developed diffuse bilateral pneumonia with a temperature of 
105 and 107.2 F. (shortly before death), respiration of 48 and an imperceptible 
pulse. Death followed on the tenth day after admission to the hospital and 
on the twentieth following the injury. 

Vecropsy Findings in the Spinal Cord.—The dura was loosely attached to 
the spinal cord. In the cervical, upper dorsal and lumbosacral regions, it was 
smooth and shiny; in the middle and lower dorsal portions, its inner surface 
was covered with a thin hemorrhagic layer, and at the level of approximately the 
sixth or seventh dorsal vertebra on the left side, it exhibited an oval opening 
1 inch (2.5 cm.) long and one-half inch (1.2 cm.) wide—the edges of which 
were torn. 


Fig. 1—Spinal cord (softened area). P. indicates the pia, hyperplastic and 
infiltrated with gitter cells, which are also present in the parenchyma of the 
spinal cord (G. C.). The large area in the front of the spinal cord is the 
anterior subarachnoid space containing a number of infiltrated blood vessels. 
The distended meshes of the pia-arachnoid enclose numerous hematogenous 
and other elements. Alzheimer-Mann stain; X 230. 


The spinal cord, in the cervical, upper dorsal, lumbar and sacral regions, 


was normal in size and configuration. The sixth and seventh thoracic segments 
were disfigured and softened with remnants of cord tissue scattered over the 
adjacent dura. The remaining lower thoracic segments exhibited on their 
left surface a marked concavity, a niche, where the bullet was lodged. The 
markings between the gray and white substances were well retained throughout 
except in the softened areas. 
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Vicroscopic Examination—In the areas with no gross lesions, such as the 

lumbosacral, upper thoracic and cervical region, the pia-arachnoid was markedly 
nfiltrated. The infiltrating cells were lymphocytes, plasma cells and poly- 
lasts, mixed with numerous fibroblasts. The blood vessels were patent, their 
dothelium was prominent, and the adventitial spaces were filled with the 
regoing hematogenous elements. Although marked around the entire surface 
the spinal cord and especially along the pial prolongations in the sulci, the 
filtration did not invade the parenchyma itself. 

Much more in evidence was the meningeal infiltration in the dorsal region. 

ere the subarachnoid space was packed with blood cells, among which poly- 
irphonuclear cells, macrophages filled with erythrocytes and gitter cells 
dominated (Fig. 1). Blood vessels in these densely infiltrated areas were 
imerous, their endothelial as well as adventitial cells proliferated; in some 
tances, the endothelial lining was detached, the space between it and the 
ventitia being packed with hematogenous cell bodies. As in the previous 
eas, the infiltration invaded the pial prolongations but not the cord substance. 


Spinal Cord: The sixth and seventh segments, which were directly involved 


the result of the contusion, were so badly damaged that only remnants of 

anterior columns could be discerned. The markings between the gray 

d white substances were entirely obliterated, the destroyed parenchyma 
owing as areolar glia tissue enclosing within its distended meshes numerous 
ogenous elements. These were large cytoplasmic glia cells with processes, 
d were somewhat vacuolated. The majority of the glia cells contained 
rge vacuoles harboring small fragments of myelin and axons (myelophages). 
ther cells showed, in addition to the large vacuoles, small vacuoles packed 
th fat (gitter cells ¢); still others consisted only of minute vacuoles with 
displaced nucleus and were filled with lipoids. Both the myelephages and 

gitter cells were intermingled with numerous lymphocytes, plasma cells 

d polymorphonuclear elements, freely scattered over the surface. Blood 
ssels were not much in evidence but exhibited a proliferated adventitia 
rrounded by dense clusters of gitter cells. In its essential features, the condi- 
m was similar to that seen in myelomalacia, such as is produced, for instance, 

vascular disturbances; this has been discussed elsewhere.’ 

An entirely different picture was presented by areas which escaped such 
mplete destruction. For instances, the concave segments that formed a 
iche in which lay the bullet and were adjacent to the softened portion showed 

the white and gray substances well preserved. Stained with the method of 
\Izheimer-Mann, the gray matter of the anterior horns was covered by 
iumerous granules or droplets (broken up glia fibers), stained blue, scattered 
among the ganglion cells and glia nuclei. The latter often showed a generous 
supply of cytoplasm and were rich in chromatin. Especially numerous were 
such cytoplasmic glia cells around the blood vessels (Fig. 2) at the base 
of the anterior horns and in the posterior commissure, near the central canal. 
Here they sometimes showed as quite large homogeneous cell bodies with a 
nucleus displaced to the periphery, and often formed syncitia. In addition, 
there were peculiar vacuolated cell bodies (Fig. 3) partly resembling gitter 
cells, partly so-called mulberry bodies. 


2. Bassoe, Peter, and Hassin, G. B.: Myelitis and Myelomalacia, a Clinico- 
Pathologic Study with Remarks on the Fate of Gitter Cells, Arch. Neurol. & 
Psychiat. 6:32 (July) 1921. 
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Fig. 2.—Posterior commissure of the lumbosacral region. The large empt 
space (which originally contained a blood vessel) is surrounded by a rit 
of cytoplasmic glia cells which are scattered (dark bodies) all over the res 
of the picture. C. C., indicates the central canal; G. C., a ganglion cell. Stai 
as in Figure 1; X 140. 


Fig. 3.—-Ventral horns (below the softened area). Two large vacuolated cells 
(M) much resembling mulberry bodies; from the shape and size of their nuclei, 
they are probably changed ganglion cells; G., a cytoplasmic glia cell. Stain as 
in Figure 1; X 650. 
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They were most likely changed or degenerated ganglion cells, for in the 
shape and size of their nuclei they resembled the latter. Blood vessels were 
rather excessive (Fig. 4) and covered the entire field of vision; they were 
not infiltrated, although, as Figure 4 shows, in some instances near the glial 
foci they exhibited a hyperplastic adventitia. Areas still more remote, such 
is the lumbar and sacral regions, appeared normal. The contrast between 
these and the segments described was so great that, on superficial examination, 
even microscopically no striking changes could be demonstrated. Only with 

very high power magnification were changes found at the base of the anterior 


> 


Fig. 4—Base of the anterior horn (lumbar rgion). A triangular focus of 
glia (G) with three patent blood vessels. Numerous smaller blood vessels cover 
the rest of the picture; Ga, ganglion cell. Stain as in Figure 1; X 180. 


horns and the posterior commissure in the form of conglomerations of cyto- 
plasmic glia cells. In the anterior horns, they appeared as oblong stripes 
(Fig. 4); in the posterior commissure, as rings around hyperemic blood vessels 
of fair size (Fig. 2). No such foci were found in the cervical region, the 
gray matter of which appeared enormously vascularized. As in the thoracic 
areas, no infiltrations, lipoids or blue granules were found in the rest of the 
spinal cord. 

Ganglion Cells: In the softened areas, no ganglion cells were found; in 
other regions, they were more or less well preserved. In the dorsal segments, 
which showed little damage and appeared excavated, the ganglion cells were 
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Fig. 5.—Longitudinal section of the lateral pyramidal tract (lumbar region). 
The dark, irregular bands are swollen axons; the paler oval formations are 
broken up myelin containing myeloklasts and myelophages. Compare with 


Figure 6. Bielschowsky counterstained with Alzheimer-Mann; X 560. 


Fig. 6.—Longitudinal section of the posterior columns below the traumatic 
softening. The dark lines are axons; the myelin swollen and in some instances 
broken up (\/) into Marchi globules with myeloklasts and some myelophages. 
Compare with Figure 5. Stain as in Figure 5; X 560. 
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somewhat expanded, unusually densely stained, their processes tortuous and 
also deeply stained and the nucleus dislocated, while the Nissl bodies in some 
cells were in a state of dissolution, in others more or less well preserved. In 
the cervical and lumbosacral areas, no cell changes were discovered, regardless 
f the staining methods used (thionin, toluidin blue, silver nitrate). Nor 
were satellitosis, neuronophagia or fatty degeneration found although in some 
ustances lipoids were gathered around the nucleus as clusters or as numerous 
i1inute lipoid granules scattered through the cytoplasm. 

White Substance: In the softened segments, this was represented, as already 
oted, by mere remnants of the anterior columns which appeared areolar. 
he glia fibers here were somewhat thickened and granular, the meshes filled 
ith (Fig. 1) myelophages and cytoplasmic glia cells; the axons and myelin 
vere sometimes missing, sometimes appeared well preserved. The posterior 
nd lateral columns were entirely destroyed, and were replaced by myelophages, 
itter cells and blood vessels, all detached and loosely scattered over the 
eld of vision. 

Much less in evidence, although present, were the changes in the white 
ubstance of the remaining portions of the spinal cord. The posterior columns 
xhibited ascending, the lateral columns descending, degeneration. Stained 
ith the methods of Alzheimer-Mann, Bielschowsky or these two methods 
mbined, the axons in these columns appeared swollen, twisted, granular, 
metimes red (instead of blue); many were naked and deprived of myelin, 
hich was broken up into small fragments 


(Fig. 5), globules, drops and 
roplets, enveloped by glia fibers. 


The glia cells were cytoplasmic or in the 
rm of myeloklasts and myelophages. Lipoid substances and gitter cells of any 
nd were absent. Some nerve fibers were normal. 

Other white substance changes, however, were not systemic, for they were 
cattered in portions of the spinal cord not involved in secondary degeneration. 
(hus they were found in the posterior columns below and in the lateral columns 
ibove the lesion (above the softened segments). Here some axons, and 
specially their myelin, were swollen, some broken up, to form Marchi globules, 
vhile the glia showed as cytoplasmic cells and myeloklasts (Fig. 6). While 
somewhat similar to the changes previously noted, they were, however, less 
idvanced and also less diffuse, affecting single nerve fibers and always accom- 
sanied by marked glia proliferation. No fatlike substances, vascular prolifera- 
tive or inflammatory changes were in evidence. 

Summary of the Macroscopic and Microscopic Findings.—These were: Lacera- 
tion of the dura at the point of entrance of the bullet; traumatic softening 
§ the mid-dorsal spinal cord with excavation of the adjacent lower thoracic 
segments; diffuse spinal meningitis, partly suppurative; microscopic foci of 
cytoplasmic glia tissue in the anterior gray horns and the posterior commissure ; 
systemic and diffuse degeneration of the white substances with absence of 
inflammatory cord changes. 


COMMENT 


The softening of the sixth and seventh thoracic segments was 
undoubtedly due to the effect of the bullet injury; the excavation of 
the adjacent lower segments was also caused by the bullet, which pierced 


the dura, destroyed the corresponding spinal cord segments, dropped 
between the dura and spinal cord and pressed on the latter. These 


cord changes may be termed traumatic softening from contusion. The 
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phenomena of systemic and diffuse degeneration with formation of glia 
foci were partly secondary to the traumatic softening, partly mani- 
festations of spinal concussion. In all three conditions—softening, 
secondary and diffuse degeneration—the pathologic findings were alike: 


regressive changes in the parenchyma and reactive or proliferative 


phenomena in the glia and blood vessels. The difference lay in the 
degree and the extent of the changes. Marked and advanced in the 


softened segments, they were less so in the regions involved in secondary 


degeneration and rather mild in the areas of diffuse degeneration. The 
causes of the difference in the degree and the extent of the degenerative 
changes were partly the time element—the softened portions having 
been affected first—and, probably more important, the violence of the 
bullet injury to some cord segments. While the softening and the 
consequent secondary degeneration are not difficult of interpretation, it 
is much more difficult to understand the diffuse degeneration. It did 
not depend on the direct injury, nor was it the result of secondary 
degeneration. It was a traumatic phenomenon by itself, described as 
distant lesions or as a primary degeneration produced by concussion. 
The latter may cause much more marked changes than those recorded 
in this case, depending on the degree of violence. For instance, in a 
case of Claude and Lhermitte * in which a bullet destroyed the tenth 
thoracic segment (the anterior gray horns), the entire lumbosacral 
region was softened. In another case in which there was a lesion of 
the eighth thoracic segment with an oblong cavity formation in the 
right anterior and posterior horns, complete degeneration of the spinal 
cord down to the conus medullaris was present. Numerous other 
instances of concussion phenomena associated with focal or local traumas 
have been cited in a previous contribution.’ Pathologic studies show 
them to be similar to the changes obtaining in secondary degeneration. 
Represented in initial stages by swollen myelin, its breaking up into 
smaller particles and a mild glia proliferation, in later stages they show 
axonal changes, the nerve fibers ultimately undergoing wallerian degen- 
eration. This is an early phenomenon in secondary degeneration that, 
for instance, follows sectioning of the cord or, as in this case, a trans- 
verse lesion in the form of softening. In so-called primary degeneration, 
as seen in peripheral neuritis, subacute cord degeneration or multiple 
sclerosis, wallerian degeneration is a late phenomenon, an_ ultimate 
manifestation of nerve destruction. Other differences lie in the facts 
that primary degeneration may also involve the gray matter, which 1s 
not the case in secondary nerve degeneration, and in its being confined 


not to systems, but to single nerve fibers; in other words, the degenera- 


3. Claude, H., and Lhermitte, J.: Le ramollissement traumatique de la 
moelle, Encéphale 15:1, 1920. 
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tion is scattered or diffuse. We thus deal in this case with a widespread 
parenchymatous degeneration in its various stages: an early stage show- 
ing as a mere breaking up of the myelin, a more advanced stage in 
which both the myelin and the axons are involved, and a late stage when 
the damaged nerve fibers are being absorbed by the proliferated glia. 
These three stages were combined with formation of microscopic 
foci of glia in the white and gray matter. None of these four com- 
ponents is essential by itself, but their combination may be considered 
significant. A combination of various, even more advanced stages of 
degeneration, but the lack of focal destruction differentiates these condi- 
tions from the cord injuries under discussion, which it would be proper 
designate as spinal contusion. 

In conclusion | wish to direct attention to the fact that the loss of 
tendon reflexes in this case might be due to the lesion of the gray sub- 
stance, that is to say, to a concussion phenomenon, a problem discussed 
‘Isewhere.’ 

CONCLUSIONS 

1. Contusion of the spinal cord causes focal and diffuse changes. 

2. The former are confined to the place of the direct injury; the 

tter are remote or distant. 

3. Both local and remote changes show as various stages of nerve 
egeneration. 


4. Early or mild changes are present in both the gray and white 
substances ; they are diffuse and result from concussion; the advanced 
or late stages are mainly focal and partly the result of secondary 
degeneration. 


5. Concussion of the cord may be a partial manifestation of 
ontusion. 


SUBTOTAL RESECTION OF SENSORY ROOT FOR 
RELIEF OF MAJOR TRIGEMINAL 
NEURALGIA * 


CHARLES H. FRAZIER, M.D. 


PHILADELPHIA 


Despite the fact that trigeminal neuralgia has been discussed and 
investigated for a century and more, there is still much about the syn- 
drome that we do not understand, much, in the physiology of the 
trigeminal tract that is not entirely clear, much in the nature of other 
painful phenomena of the face that is still a mystery. Why, after 
operation, does the zone of anesthesia gradually recede from the inferior 
and posterior margins of the trigeminal distribution? What is the pre- 
cise differentiation of sensation as allotted to the facial, sympathetic 
and trigeminal nerve tracts? What part, if any, does the sympathetic 
nerve play in pain phenomena of the face? What is the nature and 
cause of some of the postoperative paresthesias? Why does trophic 
keratitis follow some operations and not others? These are a few of the 
questions that are still unanswered. That the sympathetic nerve plays 
a role in certain sensory phenomena seems to me to admit of little doubt 
as experience grows and evidence accumulates. 

Perhaps my perspective of the problem of trigeminal neuralgia is 
somewhat magnified because of its frequency in the neurosurgical clinic. 
On our records are 321 cases in which the major operation has been 
performed, besides the numberless cases treated by alcohol injection, 
cases of minor degree, and of the seemingly increasing number of 
atypical neuralgias—in all, 969 cases. 

We are wont, too, to regard the radical method of dealing with 
trigeminal neuralgia as established, admitting of no further discussion, 
and are disposed, figuratively speaking, to put the question on the shelf. 
This, however, is far from the truth.: If we review the history of the 
surgical treatment of trigeminal neuralgia, we find that from the time 
of Marischal * in the days of Louis XIV, who sectioned the facial nerve 
for the relief of neuralgia, almost to the present, there has been a suc: 
cession of changes in methods of procedure. Whether it is true or not 
that Galen first proposed nerve section for the relief of neuralgia, I 
need but to recall the contributions of the 19th and 20 centuries to 
remind you of the continuing efforts to perfect a radical cure for the 
disease; to wit, the writings of Klein, Delpech, Roux, Malgaigne, 


* Read at the Fiftieth Annual Meeting of the American Neurological Asso- 
ciation, Philadelphia, June, 1924. 
1. Marischal, in Horsley: Brit. M. J. 2:1139, 1891 
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\Valsham, Billroth, Bell, Carnochan, Abbe, Rose, Mears, Thiersch, 
ljartley, Krause, Kocher, Tiffany, Hutchinson, Doyen, Jonnesco, Cush- 
ng, Leiper, Hartel and Spiller. Of the methods advocated, mention 
ay be made of nerve section, avulsion and crushing of the branches of 
the trigeminal nerve, of section of the facial nerve, of ligation of the 
common carotid artery, of resection of the cervical sympathetic ganglia, 
ud of Meckel’s ganglion, of section of the second and third divisions 
ripheral to the gasserian ganglion, of removal of the gasserian gan- 
elion, total and subtotal, of alcoholic injections of the ganglion and of 
tion of the sensory root. It was ten years after the first meeting of 
American Neurological Association that Mears of Philadelphia first 
vocated extraction of the gasserian ganglion for intractable cases of 
douloureux and twenty-five years later that Spiller first advocated 
tion of the sensory root as a substitute for the ganglion extraction. 


Series of Cases of Trigeminal Neuralgia in the Neurosurgical Clinic, 
University Hospital 


Major trigeminal neuralgia. 


Total number of minor surgical procedures............ 
Total number of major surgical procedures............ 
Total number of cases untreated 


Total 


While the foundation stone was laid by Mears in 1884, the keystone 

{ the arch was set in by Spiller in 1899. It is not without interest to 

bserve in passing how the hazard of operation has been reduced through 

these years from 22 per cent. in the original table of Tiffany, to 5, then 

‘and finally to 0.5 per cent. In the neurosurgical clinic we have had a 
series of 156 cases without a death. 


When section of the sensory root was first advocated, it was thought 
the last word had been said. No thought was given to the motor root 
which had been sacrified as a matter of course with the inevitable atrophy 
of the pterygoid, masseter and temporal muscles, with the resulting 
asymmetry of the temporal fossa and the difficulties of mastication. In 
1919, I found that the motor root could be isolated, and now, as a 
matter of course, the motor root is conserved with the obvious advan- 
tages. , Before the introduction of this minor modification of the opera- 
tion, ft was thought that the sensory root operation as a means of 
permanent relief had reached a stage of perfection. So harrowing and 
merciless was the pain that any measure which assured relief was wel- 
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comed, irrespective at first even of the risk of operation, and up to 


recent times, of certain inevitable complications. 


INCIDENCE OF KERATITIS FOLLOWING CPERATION 
Of the latter, I wish particularly to refer to trophic keratitis. The 
incide ce of this following operation, that is, during the immediate con- 
valescence, is estimated at 10 per cent., and in my clinic this includes the 


Fig. 1—A detailed drawing to scale, showing precisely the anatomy of the 
ganglion, sensory and motor root, large superficial petrosal nerve, etc. Note 
especially the individual fasciculi of the sensory root. 


most trivial exfoliations of the cornea which respond to treatment in 
forty-eight hours. But if one follows up the operative cases, he will 
find, as I have, that corneal complications will develop in a certain per- 
centage of cases after the patient’s discharge from the hospital. The 
cause of keratitis as a complication while the patient is in the hospital, 
when appropriate precautions are enforced, may be and no doubt is quite 
different from the cause of keratitis developing after the patient is dis- 
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charged, when the possibility of trauma, of infection, of a disregard of 
protective measures are no doubt factors. 
f Ina recently issued monograph by Edward Hartmann (G. Doin, 
Editor, Paris) on the physiologic and pathologic consequences of retro- 
gasserian neurotomy, he cites some of the consequences of section of the 
sensory root and includes abolition of the corneal and oculocardiac reflex 
and an increase in the excitability of the nerve endings of the sym- 
pathetic system. The latter may be confirmed by the more active reaction 
of the pupil to different alkaloids, by the exaggeration of the vasomotor 
response to skin stimulation and by the exaggeration of the reaction of 
the sweat glands to subcutaneous injection of pilocarpin. In addition to 
these he notes, as we have observed, a lowering of the retinal arterial 
pressure, cutaneous vasodilatation, a diminution of ocular tension, a 
slight degree of enophthalmos and narrowing of the palpebral fissure. 
These conditions he attributes to a change in the peripheral equi- 
librium of the sympathetic system, with an increase in the parasympa- 
thetic tone; and with regard to corneal complications, he regards this 
idification of the equilibrium of. the sympathetic system as an 
explanation for the lowered tissue defense, which eventuates in a 
keratitis.; This particular form of keratitis we might designate as X 
eratitis to be distinguished from the keratitis which follows more 
obvious conditions such as infections, obstruction of the lacrimal duct, 
rauma from foreign bodies, inability to protect the eye from facial 
paralysis, injury to the large superficial petrosal nerve and a lesion of 
the gasserian ganglion. I have no doubt that were these possible causes 
of keratitis not recognized and measures taken to avoid them, the 
ncidence of keratitis would be greater than it now is, but the incidence 
is frequent enough to warrant a determined effort to reduce it to a 
minimum or to abolish it altogether. 


The purpose of this communication is to propose a modification of 
the established section of the sensory root with this object in view, and 
hetore describing the procedure to be advocated, a word might be said 
of the gross anatomy of the retrogasserian root and ganglion. Each of 
the three main peripheral divisions—ophthalmic, maxillary and man- 
dibular—has its representation in a fractional part of the ganglion. 
There is no apparent anatomic division between these, but resection of 
any one of the three sections, outer, middle or inner, would be followed 
by loss of function in the corresponding third, second or first divisions. 
And when one comes to examine the sensory root as it spreads out to 
enter the ganglion, one can readily see with the naked eye that the com- 
ponent fasciculi of the root distribute themselves to each of the three 
subsections of the ganglion. The number to each may vary, but in the 
individual case they can be seen and counted with the naked eye. 
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Furthermore, and this may have some biologic explanation, there is in 
certain instances what appears to me to be a partitioning off of the 
fasciculi that lead to the inner or ophthalmic portion of the ganglion, as 
though at some time and for some reason these inner fasciculi of the 
root may have had some differentiated function. Practically, one can 
in the course of an operation separate these inner fasciculi—sometimes 
there is one large bundle composed of smaller fasciluli—from the 
remainder of the trunk. 


Fig. 2.—Representation of a subtotal resection of the sensory root in which 
all but the inner fasciculus have been included in the hook. 


The predominance of cases in which pain is referred only to the dis- 
tribution of the second and third divisions alone or combined, is well 
known. Primary and initial pain in the first division is most unusual, 
although there is a larger number of cases in which the pain, originating 


in the second and third divisions, may in the course of a paroxysm 
involve reflexly the first division. But it is an almost invariable rule in 
trigeminal neuralgia that when pain is controlled in the territory in 
which it initiated, in the territory in which the trigger zone of Patrick 
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is lodged, relief of pain in the zone in which the pain originated will also 
relieve it in the adjacent zone. This I find to be true especially of the 
relation of pain referred from the second or third to the first division. 


AUTHOR’S METHOD OF TREATMENT 


Thus, my three premises are: (1) No matter what precautions are 
taken, keratitis will develop in a certain percentage of cases, some imme- 
liately after the operation while the patient is still in the hospital, some 
ifter the patient’s discharge. (2) The sensory root has three com- 
ponent parts, one for each of three portions of the ganglion and its 
three divisions. (3) Pain is so infrequently referred primarily to the 
irst division that it may be disregarded in the great majority of cases, 

robably over 95 per cent., in planning radical relief. 


Fig. 3—Subtotal section of sensory root. Illustrative chart from a series 

twenty-five cases showing loss (over shaded area) of tactile, pain and 
temperature sensations after subtotal section of the sensory root, with conserva- 
tion of the inner fasciculus and motor root., corneal reflex normal. 


In the recognition of these three fundamental facts, I began ten years 
ago to practice what may be designated as a subtotal section of the sensory 
root, and by subtotal section is implied section of only those fasciculi 
which supply the outer two thirds of the ganglion. Until an opportunity 
was afforded by the passage of time to judge of the efficacy of this 
modified technic, especially as to recurrence of pain, I hesitated to 
employ the operation iri every case, and selected twenty-five cases chiefly 
from patients in the earlier rather than in the later decades. For those of 
advanced years, in the age of retirement, keratitis was not a matter of 
so much concern as for those in middle life still engaged in the active 
pursuits of their calling. A report has been obtained on each of these 
twenty-five cases, and in none has there been a recurrence. Perhaps 
one might say ten years is not long enough to eliminate the possibility 
of recurrence. But, recognizing the possibility, it must be admitted after 
the lapse of this period that a recurrence is highly improbable. As to 
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keratitis, two of the twenty-five patients developed trivial lesions while 
still in the hospital, both of which, however, yielded promptly to properly 
instituted treatment. But what I think is particularly impressive and is 
the strongest supporting evidence, not one of these patients developed 
corneal complications after discharge from the hospital. 


To practice this modified operation, one must have an adequate 
exposure of the root and be familiar with its anatomic relations. I will 
not touch on the technical considerations here; suffice it to say that | 


regard it as feasible, and believe as time goes on and surgeons familiarize 
themselves with the necessary details, that it will be accepted as the con- 
ventional method of procedure and will replace the operation now uni- 
versally performed. 

DISCUSSION 


Dr. G. Spicer, Philadelphia: In 1901,* when Dr. Frazier and | 
were working on the division of the sensory root of the trigeminal nerve in 
animals, to determine whether there was a possibility of regeneration, | 
examined the medulla oblongata of the animals on which he had operated, and 
found that according to the degree to which the sensory root was cut, degen- 
eration in the spinal root of the trigeminal nerve was sharply represented. 
With the Marchi stain, the degeneration was not scattered over the whole 
spinal root. I came to the conclusion that not only in the gasserian ganglion, 
but also in the sensory root and in the spinal root of the medulla oblongata, 
the three divisions of the trigeminal nerve are sharply represented. 


2. This report was made in the University of Pennsylvania Medical Bulletin 
for December, 1901. 


THE SIGNIFICANCE OF BRAIN WEIGHT * 


H. H. DONALDSON, Ph.D. 


PHILADELPHIA 


It is my purpose to inquire why some human brains are heavier than 
thers, giving an answer in the terms of structure. For the purpose of 
discussion I shall use the old data of Boyd (1861) on the weight of 
the human brain, since this series seems most suitable. It is a long series 
and records age and stature, which are important. In passing, let me 
call attention to the fact that the data presented are statistical. They 
vive average values for groups, not values for individuals. 

Boyd’s group of tall men (5 feet, 10 inches) have brains 6 per cent. 
ieavier than the group of short men (5 feet, 2 inches), and the corre- 
ponding groups of women show the same difference, 6 per cent., among 
themselves. So much for stature. 

Considering sex, we find that the male groups have brains always 
\2 per cent. heavier than the corresponding groups of women. This 
lifference is due to differences in stature, body weight, fat, etc. If now 
ve compare with the tallest males the shortest females, the males have 
brains 18 per cent. heavier. 

We may now repeat the initial question: What are the structural 
lifferences by reason of which the tallest men have brains 18 per cent. 

heavier than the shortest women? Two answers are usually given. 

1. The heavier brain has more neurons in it. 

2. The neurons in the heavier brains are larger. 

It may be noted in passing that the proportional weights of the 
parts of the brain are the same in the two sexes—87.7 to 87.4 per cent. 
for the cerebrum; further, the relative weights of the divisions of the 
‘cerebrum, frontal lobes, etc., are alike in the two sexes and also in brains 
of different shapes. These facts suggest that the heavy brain is merely 
a magnified light brain, and the explanation here offered is that the 
heavier brain is composed of larger neurons. 

Evidence for this view has been obtained by Dr. Sugita (1918) in 
the study of the brain of the rat. Sugita found that the number of cells 
in the cortex was the same in the brain of the wild Norway rat and in 
that of the domesticated Albino rat, although the weights of these brains 
differed by 15 to 17 per cent., the Norway rat being the heavier. 


Further, the cell bodies in the cortex were larger in the Norway rat. 
This study by Sugita was explicitly undertaken for the purpose of 
determining the structural features which might account for the heavier 


* Read at the Annual Meeting of the American Neurological Association, 
Philadelphia, June, 1924. 
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brain in the Norway rat. The results showed that the number of 
neurons present was characteristic for the species, and that the heavier 
brain had the same number of neurons in it, but that they were larger. 
Both these results may justifiably be carried over to man. 

We conclude, then, that the heavier brain in man is composed of 
larger neurons, and it differs from the lighter brain by that character. 
The larger neuron probably implies a greater complexity in that the 
bigger cell body with somewhat more numerous dendrites offers a 
larger sphere for contacts with the passing axons, and at the same time 
the larger axon from such a cell has a wider distribution. There are 
good grounds for both these statements. Touching the complexity of 
the neurons, it is probable, however, that the sexes should be considered 
separately. Thus in the heaviest female group the complexity of the 
neurons may be taken as equivalent to that of the heaviest male group, 
despite the marked difference in brain weight between the two groups. 

When compared according to sex, the heavier brain may therefore 
be regarded as the more complex in structure. 

There are some observations which indicate better performance on 
the part of the heavy brained group in a human (male) series, but 
the result is statistical, and the best individual performance in such 
a series may come from any of the brain weight groups (Eyerich and 


Lowenfeld, 1906). If this is correct, as I believe it to be, it simply 
means that there is some correlation between cell size and complexity, 
but the value of the correlation is low, and thus in different individuals 
complexity may be associated with neurons of any size. 


The temptation to say something about brain weight and performance 
has proved too strong for me, but as stated earlier, my purpose was to 
consider the structural basis for the heavy brain. 

The conclusion reached is that the number of neurons in the human 
brain is characteristic for the species and fixed within biologic limits, 
that heavy brains are heavy because the neurons composing them are 
larger, and also that they tend to be more complex because of the size 
of the neurons composing them. 

In closing I wish to emphasize the fact that 1 am speaking only of 
the structural differences between large and small brains. The large 
brain composed of large neurons may thereby be structurally somewhat 
more complex, but in the consideration of mental ability, it is necessary 
to remember that the abundance of the blood vessels, the character of 
their walls, the composition of the blood, the perfection of drainage and 
above all the quality of the protoplasm forming the neurons are char- 
acters which must all be considered; but on these matters I have had 
nothing to say. 
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DISCUSSION 


Dr. J. Ramsay Hunt, New York: This is an interesting and fundamental 
subject. How does Dr. Donaldson exclude the question of glia, when the 
approach is such a gross one as weighing? He must, of course, have con- 
sidered this, and I should like to know how he excludes it in his weighing 
processes. 

Dr. Witt1Am W. Graves, St. Louis: It is generally recognized that men 
with large heads, for some reason or other, seem to represent the intelligentsia 
man, but that does not mean, of course, that a smaller-headed man may 
not be quite as keen in his intellectual processes. 

Paralleling the work of Dr. Donaldson, and work which I believe sub- 
tantiates largely his thesis, is the work now going on in the Western Reserve 
University, in the department of anatomy, conducted by Dr. T. Wingate Todd. 
Dr. Todd has noted in the measuring of cranial capacity of persons who 
come to his dissecting room the following facts: In periods of industrial 
lepression when many men are out of employment, he finds that the capacity 
f the cranium goes up, but in periods when there is no industrial depression 
ind men are employed, the cranial capacity goes down. 

I think that the work of Professor Todd and that of Professor Donaldson 
ire in a way comparable, the former using the grade of capacity as a mea- 
ure and Professor Donaldson using weight as a measure. 


Dr. E. Bates Brock, Atlanta: May it not be a question of metabolic 
rather than anatomic difference? It is obvious that the storage of a greater 
imount of food material in the nerve cells may add to their weight, and we 
‘ertainly know that the weight as a whole is dependent in part on the accumula- 
tion of fat. The more fuel a body burns, the more effort it can put forth; 
ind it seems to me that the food question is important. 


Dr. H. H. Donatpson, Philadelphia: As to Dr. Hunt’s query, of course these 
results are statistical and as obtained from groups, variations in the glia 
would balance out in a series. I grant that no minute observations have 
een made with regard to that. 

I might make a statement to the effect that we have 18 per cent. difference 
in weight in the two groups which I chose to pick out. Nevertheless, the 
proportions of the parts of the brain are the same in the small and in the large 
brains; thus the proportion is 87 and a fraction per cent. for the cerebral 
hemispheres, independent of absolute weight; moreover, if the cerebral hemi- 
pheres, in turn, are divided into their lobes, the lobes have the same proportional 
values independent of the weights. So that the large brain is obtained by 
putting, as it were, under a magnifying glass the small brain and simply 
brinking it up to the size of the large one, with the proportions the same 
in the large as they were in the original small brain. 

In regard to food supply, of course, there is no fat in the nerve cells, and 
there is a definite relation between the myelin and the axon; so that I think 
we have the same relation, and the small neuron may be transformed to the 
size of the large by simple magnifications. Of course, theoretically, the 
proportions are not disturbed. 
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Clinical and Occasional Notes 


EFFECT OF REMOVAL OF ADENOIDS AND TONSILS 
ON THE MENTAL DEVELOPMENT 
OF THE CHILD* 


Epwarp B. Ancett, M.D., Rocuester, N.Y. 


Some years ago, Dr. Roe, the laryngologist, called my attention to the 
depressing effect of adenoid growths on the mentality of children. Removal of 
adenoids and enlarged tonsils in dull or backward children almost invariably 
resulted in improvement in their school work. Indeed, this relationshiy between 
adenoids or enlarged tonsils and mental dulness has been generally recognized 
although the literature in reference to it is rather limited. 

Recently, in the city of Rochester, removal of tonsils and adenoids was 
undertaken on a large scale among the school children. About 1,500 operations 
were performed during 1919-1920. The further outcome of this experience 
was a general survey of the school children of the city, numbering about 50,000, 
including those attending parochial schools. Of this number, about 18,000 were 
found to be afflicted with diseased tonsils, adenoids or both. A clinic was 
established early in January, 1921, and the work was speedily begun. 

By arranging for a large number of operations daily, the cost of operation 
was reduced to about $12.00 for each child. This cost, however, was further 
reduced to $5.00 for those unable to pay more, and no child was turned away 
even though that small stipend was lacking. The operations were performed 
in the morning, the child kept in bed under the care of trained nurses and 
returned home the next morning by automobile, with directions to remain in bed 
five days, unless some complication required further care. There was no 
surgical fatality in the 10,000 operations. Postoperative complications were 
infrequent, and were not necessarily due to the operation. 

Eight children developed pneumonia, one dying two weeks later. Five devel- 
oped lung abscess, four fully recovering. One child developed purulent menin- 
gitis, but recovered. Seven children developed diphtheria after their return 
home, and three died, diphtheria being prevalent at the time. 

This “drive” on the tonsils and adenoids of the school children furnished 
a valuable opportunity for estimating the effect of the operation on the mentality 
of the growing child. Through cooperation of the assistant superintendent of 
education, the teachers were directed to note carefully the mental status with 
reference to school work in each patient operated on. These reports from 
nearly fifty schools were made up in May or June of 1922, a year or more 
following the tonsil and adenoid clinic. 

As a result of the study of these reports, I found that the pupils in the higher 
grades of the grammar schools and in the junior high schools, as well as the 
very young children in the kindergarten classes or beginning grades of the 
primary schools, showed little change mentally as the result of the operation. 


* Read at the Fiftieth Annual Meeting of the American Neurological Asso- 
ciation, Philadelphia, June, 1924. 
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This doubtless was due to the fact that in the very young children there had 
not been sufficient opportunity for comparison before and after the operation, 
while in the older children the defect had in a measure been surmounted. 
Further, it was noted that in the group of backward or mentally retarded chil- 
dren, little if any effect was produced on the intelligence by removal of tonsils 
and adenoids. This agrees with the conclusions of Margaret C. Rogers, who 
made an extended report on adenoids and diseased tonsils and their effect on 
general intelligence. For this reason, the investigation was limited to the 
reports from the grammar schools as furnishing a more satisfactory basis for 
estimating the value mentally of this operation to the growing child. 

During this clinic in the winter and spring of 1921, 5,658 children from the 
city grammar schools were operated on. Of this number, 2,715, or nearly 48 
per cent., were reported by their teachers as having improved in their school 
vork. In some instances, added comment indicated great improvement, in others 
there was little change. 

Unfortunately, most of the reports gave the bare statistics, but enough 
eported the age of the pupils and the grade to indicate that the most apparent 
mprovement occurred in the middle grades between the second and seventh, at 

period when the child was from 7 to 11 or 12 years of age. In a small series 
f cases reported by Dr. Charles J. Bloom, he concludes that the operation 
hould be performed before the child is 8 years of age in order to obtain 


nost satisfactory results... Incidentally, four of the series of forty cases which 


he reported gave no results, one patient being syphilitic and three, morons 

Naturally the improvement in health was more marked than the mental gain, 
nd was noted in a large number of cases. 

It may be of interest to state that contrary to prevailing opinion, tonsillectomy 
loes not seem to have much definite influence in preventing infectious diseases. 

Dr. Albert D. Kaiser, the pediatrician in charge of the clinic, made a study 
f the incidence of infection in the children operated on compared with a 
similar number of control cases. His conclusions, as yet unpublished but 
ourteously communicated to me, are in part as follows: * 

1. Tonsillectomy offers great relief from attacks of sore throat and tonsillitis. 

2. It offers considerable relief to the child subject to cold in the head, 
especially where much adenoid tissue is present. 

3. It lessens the chance for glandular infection but is no guarantee against 
it, nor does it assure immediate disappearance of large glands. 

4. It lessens the susceptibility to ear infections, but they occur frequently in 
spite of it. 

5. It has not influenced the incidence of chorea or rheumatism. 

From our study of these children and their subsequent history, we are led 
to the conclusion that the real benefit of operation in the large majority of 
cases came from removing obstruction to respiration. The improvement, both 
physical and mental, results largely from freer respiration and more efficient 
oxydization. 


1. Rogers, Margaret C.: Adenoids and Diseased Tonsils and Their Effect 
on General Intelligence, Arch. Psychol., April, 1922. 

2. Bloom, Charles J.: New Orleans M. & S. J. 69:695-706, 1916-1917. 

3. Kaiser, Albert D.: Effect of Tonsillectomy on the General Health of 
Twelve Hundred Children, J. A. M. A. 83:33 (July 5) 1924. 
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So satisfactory has been the outcome of this wholesale surgical treatment 


of adenoids and diseased tonsils, and so few have been the untoward results, 
that similar surgica) imtervention can be advocated for all affected school 
children, provided the operation is performed under the best possible safeguards. 


DISCUSSION 


Dr. BronisLtaw Onur, Rutherford: Is the therapy of adenoids and tonsils 
so hopeless that the surgical removal is the only procedure that should be 
advocated, or has there been such an advancement as to make it possible 
to obtain results without resorting to that? 


Dr. Epwarp B. ANGELL, Rochester: The conclusions of this paper show 
that the chance of injury by surgical intervention in these cases is so limited 
that it is much better in the young child to operate as a routine measure 
if there is obstruction to respiration either by diseased tonsils or by adenoids, 
or both, rather than to expect treatment or time to cure the child. A large 
number of patients among older children seem to surmount the difficulty 
largely, but the question still remains, would it not have been better for them 
if they had had their tonsils and adenoids removed earlier? 

At least two or three thousand operations have been performed in the 
Rochester hospitals during the last two or three years, and we have had no 
untoward results other than those I kave mentioned. 


Abstracts from Current Literature 


SYCHONEUROSES. L. ScHNyYpDER, Schweiz. med. Wchnschr., June 26, 1924, pp. 
585-589. 


Considerable uncertainty still exists as to what is meant by the term 
ychoneurosis. Schule and Krafft-Ebing were the first to employ it to indicate 
mental disturbance for which no organic cause was known. Under this 
ading were included melancholia, mania, paranoia, hysteria, epilepsy, periodic 
choses, etc. This compounded word meant the association of a neurosis 
inctional condition) with a psychic disturbance. 


The term neurosis soon was used interchangeably with the term psycho- 
irosis, and not until 1904 was any attempt made clearly to define the two. 
this time, Dubois endeavored to separate the psychoneuroses from the 
anities. French and English writers adopted the term psychoneurosis, but 

Germans remained inclined to use the term neurosis, until Freud and his 
ool showed what a great group of disease processes were dependent on 
chic mechanisms, thus extending the group of neuroses. 
Freud considers the psychoneuroses as conditions in which the functional 
sturbances are the result of psychic mechanisms, while other functional condi- 
ns without psychic etiology are called “actual neuroses.” Neurasthenia, for 
imple, is not a psychoneurosis but an actual neurosis, because the nervous 
turbance is not the result of psychic, but of material, factors. According 
Freud, the psychoneuroses include: (1) hysteria, (2) compulsion neuroses 
d (3) hypochondria. The actual neuroses are: (1) neurasthenia and (2) 
nxiety neurosis. 

To show how artificial this division is, Freud soon had to divide the anxiety 

iroses into anxiety hysteria (psychoneurosis) and actual neurosis. Clin- 

illy, it is difficult to determine whether a functional nervous disorder is 
the result of a psychic disturbance or of a material cause. As a rule, both 
actors play a part in either neurosis or psychoneurosis. 

lo give the psychoneuroses the dignity of a disease entity, it is necessary 
to define them clearly. This is extremely difficult. One cannot classify them 
as psychic disturbances as they are not insanities. On the other hand, all 
functional conditions are not psychoneuroses, as for instance exophthalmic 
goiter and many epileptic states. 

According to the author, to characterize a psychoneurosis correctly the 
etiology is not of the greatest importance. It is more important to consider 
the psychoneuroses as disturbances of nervous functions, in which psychic and 
somatic symptoms form the disease picture, without making the somatic 
symptoms independent of the psychic factors. 

To say which disturbances of the nervous functions constitute a psycho- 
neurosis is not an easy matter. Pierre Janet believes that there is a disturbance 
of lately acquired functions which tends to disrupt the natural reactions of 
the individual. The writer closely follows Janet and defines the psychoneuroses 
as disturbances of the more complex functions of the nervous system, which 
have to do especially with the adjustment of the individual to his environ- 
ment. The psychoneuroses are abnormal reactions of the individual in response 
to actual circumstances. They show themselves in both psychic and physical 
Symptoms. 
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The writer divides the psychoneuroses into two large groups: 

1. The psychoneuroses (in a narrower sense). 

-2. The psychoneurotic components. 

The psychoneuroses in the narrower sense are disease conditions which 
have a certain systematization and present an evolution. The psychoneurotic 
components are functional conditions which occur as reactions of the individual 
against psychic and material occurrences. Thus an emotional reaction may 
bring about vomiting or diarrhea, an odor may precipitate an attack of asthma, 
etc. These reactions may result from affective factors, as suggestion, as well 
as from material factors. The material factors play on the physiologic func- 
tions by means of the same avenues as the affective disturbances. 

The psychoneurotic components which may affect various functions of the 
human organism (psychic, motor, sensory, vasomotor, secretory, visual func- 
tions) may occur in the course of an organic disease, a psychopathic condition, 
and also as episodes in an otherwise healthy individual. Thus a sensitive 
person becomes ill on looking at a wound, and may become unconscious. The 
unconsciousness results from the affective disturbance and physiologic reac- 
tions. It is not absolutely essential to have the affective disturbance, as a 
person may become unconscious, as if by a reflex, when looking at a wound 
and feeling no affective reaction. A vertigo is produced by the fear of falling 
into the abyss. It may, however, occur that vertigo develops by the mere 
looking into the abyss without affective fear. The smell of certain flowers will 
produce headache; this physiologic reaction may be made a psychic reflex 
in the production of headache by showing flowers which, unknown to the 
patient, are artificial. 

It is at times difficult to be certain whether the reactions result from 
physical, psychic, chemical or mechanical stimuli. It is true that these com- 
ponents are the result of the individual’s heightened reactions to his environment. 

In the narrower sense, the psychoneuroses are abnormal reactions of the 
individual in his adaptation to his environment. Hysteria may be considered 
as the most typical example of a psychoneurosis. Pithiatism of Babinski is 
not the author’s idea of hysteria. According to him, hysteria represents per- 
sonality changes in which a splitting or dissociation of its elements occurs, 
through which the automatic functions and the formation of autosuggestion 
are utilized. The hysterical personality change, to be considered from the 
biologic standpoint, is a method employed by weak persons to meet trying 
situations of social existence. The author does not accept Babinski’s explana- 
tion that the psychoneuroses or hysterias are to be considered the result of 
reflex organic conditions, even though they may be brought out or cleared 
away by suggestion. These factors, however, may be of psychologic moment. 

To the psychoneuroses may be added the compulsion neuroses, the phobias 
(the psychasthenia of Janet). It is with this group that Freud has accom- 
plished more or less with psychanalysis. Contrary to Freud, who considers 
neurasthenia a sexual effect, the author places this condition under the heading 
of psychoneurosis. He attempts to confine the phobias to those in which 
exhaustion, fatigue and hypochondriacal states are prominent. The material 
or psychogenic factors may be most prominent, and at times it is difficult to 
be certain which is the most prominent. 

The author feels that the term psychoneurosis is unnecessary; that the 
older term neurosis should be used to designate this entire group of distur- 
bances. While it has been stated that the psychoneuroses are the result of 
psychogenic causes, it must be remembered that material factors may be the 
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underlying cause of the disturbance. In spite of this criticism of the term, 
he calls attention to its use and that it represents more or less of a transition 
between the neuroses and the psychoses. While the psychoses produce a 
complete qualitative change of the psychic functions, the psychoneuroses present 
more of a quantitative character; that is, the psychic functions tend to pass 
wer the normal psychic boundaries but do not isolate the individual socially. 
It is difficult to limit either the psychoneuroses or the psychoses. At times 
i s difficult to state the time when, for example, an hysterical state ceases 
ind develops into a schizophrenia, or when an obsessional state takes on the 
character of a paranoia. 

In conclusion, the author states that he is of the opinion that the term 
psychoneurosis should not replace the term neurosis. He has attempted to 
lefine the psychoneuroses by positive characterization, as only by such means 
in their existence be maintained. He considers the psychoneuroses as func- 
tional diseases of the nervous system which have to do with those functions 
y which man adjusts himself to his environment (material, moral and social). 
for practical purposes, he has divided the psychoneuroses into two main groups: 


1. The psychoneuroses in the narrower sense in which a protracted and 
voluting disease picture is developed. 


2. The psychoneurotic components which represent transitory, isolated 
sturbances. 


It is certain that the term neurosis will continue to be used to cover the 
ntire group of affections in spite of much teaching to the contrary. 


Moerscu, Rochester, Minn. 


‘NUS OF VEGETATIVE NERVOUS SYSTEM IN So-CALLED SEQUELS OF EPIDEMIC 
ENCEPHALITIS ExPpLoreD By PHARMACOLOGIC Tests. Arch. de patol. e clin. 
méd. 3:4 (Sept.) 1924. 


The author has submitted a number of postencephalitic patients to the 
lifferent pharmaco-dynamic tests which are usually employed in the study of 
the sympathetic endocrine system. From this study, which seems to supple- 
ment and corroborate a previous investigation made by the author in collabora- 
tion with Stevenin on basal metabolism in postencephalitic syndromes, the 
following conclusions were reached: 

A state of hypertonus of the two subdivisions of the vegetative nervous 
system (amphotonus) is often encountered. 

In cases of amphotonus, the subjects in whom the vagus prevails are more 
numerous than those in whom the sympathetic prevails. 

There are fewer cases of vagotonia (hypertonus of one system alone), which 
is sometimes associated with hyposympatheticotonia. 


NACCARATI, New York. 


On CeErTAIN Tonic oR PostuRAL REFLEXES IN HEMIPLEGIA, WITH SPECIAL 
REFERENCE TO THE SO-CALLED “ASSOCIATED MovEMENTS.” F. M. R. WALSHE, 
3rain 46:1 (Pt. 1) 1923. 


In his introduction, the author calls attention to the physiologic basis of 
the associated movements in hemiplegia. Sherrington stated that muscle tone 
was the basis of posture, and that all voluntary movements are accompanied 
by a postural adjustment of the rest of the skeletal musculature. But although 
postural adaptation is carried out under voluntary control, it is a function of 
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reflex mechanisms in the brain stem which are not abolished by a lesion producing 
a hemiplegia and loss of voluntary control in the affected side. Hence, postural 
movements should and do occur when “forceful voluntary motor activities are 
carried out by the musculature of the sound half of the body.” The depriva- 
tion of cortical control, however, now makes these associated movements of 
a coarser nature, lacking the fineness of adaptation which cortical control 
ensures, or, to state it in simpler terms, associated movements are released 
postural reactions in muscles deprived of voluntary control. 

The study of associated reactions made by the author is based on a series 
of eighteen cases of hemiplegia studied from 1912 to 1914, and on a more recent 
series of twenty cases of hemiplegia. Of the first eighteen, five were cases of 
flaccid hemiplegia, and of the later series all were cases of spastic hemiplegia, 
vascular in origin, except one that was due to a cerebral tumor, the localization 
of which is as yet unverified. 

An analysis of the associated reactions studied in the foregoing series shows 
that certain conditions govern the occurrence of associated reactions in the 
muscles of the hemiplegic side. For example, in none of the cases of flaccid 
hemiplegia was there any sign of an associated reaction in the arm or leg. 
There was a constant associated reaction however in practically all of the 
spastic cases, so that the author concludes that a certain degree of hypertonus 
in hemiplegia is essential to the preliminary development of an associated 
reaction. Moreover, the greater the spasticity, the more forceful and longer 
lasting will the associated reaction be. It was found further that the form 
of voluntary muscular effort most effective in the production of associated 
reactions is forceful tonic contraction of the muscles such as is obtained by 
a strong and maintained grasp of the normal hand. “No actual excursion ot 
the parts acted upon by these muscles is essential.” Alternating movements 
were found to be effectual only when they were forceful, demanding wide- 
spread synergic fixation of the musculature. Although the author chooses tonic 
contraction of the normal limbs as the best form of voluntary effort to produce 
an associated reaction in the hemiplegic side, he points out that voluntary con 
tractions elsewhere may produce a similar, if less pronounced, effect. Firm 
clenching of the jaws, stiffening of the neck muscles, yawning, coughing, and 
other similar reactions may produce an associated reaction. In every instance, 
however, the voluntary contraction which constitutes the stimulus for an asso- 
ciated reaction must be forceful and maintained. The form which the associated 
reaction takes is fairly constant. With the patient on his back and the head 
in the median position, strong tonic contraction of the normal arm produces, 


in the majority of instances, a strong tonic contraction of the paralyzed arm 


with flexion at the elbow, some elevation of the shoulder and either adduction 
or abduction of the upper arm. The reaction in the paralyzed leg is one of 
tonic extension with inversion and dorsiflexion of the foot. Usually the form 
of the voluntary movement has no effect on the type of associated reaction 
produced, whether the voluntary activity be a strong grasp of the normal hand, 
or tonic flexion or extension of the limbs against resistance. In certain cases, 
however, the associated reaction is modified by the type of voluntary activity, 
and in rare instances there may occur a crossed association reaction in a direc- 
tion opposite to the voluntary movement evoking it. Thus voluntary flexion 
produces associated extension and vice versa. The author, by graphs and 
comparisons with the latent periods of normal reflexes, concludes that the 
latency of associated reactions is much longer than that of a normal reflex. 
“The duration of the associated reaction is roughly that of the voluntary move- 
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ent or contraction evoking it.” The response, however, may outlast the 
iration of the stimulus. 
On the theory that the spasticity of hemiplegia is physiologically identical 
th decerebrate rigidity, the author attempted to find evidences of this in the 
fected muscles. Both Sherrington and Magnus showed that decerebrate 
cidity and normai tone may be influenced by afferent impulses arising in 
labyrinths and in proprioceptive end-organs in the musculature. Tonic 
k reflexes in the spastic cases were generally found. On rotation of the 
to the affected side, a characteristic associated reaction in the limbs of 
paralyzed side was obtained. The latent period is distinctly long. 
The author then discusses the interaction of tonic reflexes, and first takes 
the influence of neck reflexes on associated reactions. “When the neck 
lexes are active, the familiar associated flexion of the hemiplegic arm on 
ceful tonic contraction (grasp) of the normal arm may be completely inverted 
form when the head is rotated to the hemiplegic side, that is, with face 
ting over the affected half of the body.” Thus in a hemiplegia of thrombotic 
in, grasp of the normal hand produced the usual associated reaction of 
on and adduction of the forearm, while rotation of the head to the hemi- 
ic side caused extension—adduction of the arm. The author discusses fully 
iddition the influence of labyrinthine reflexes on associated reactions, and 
interaction of associated reaction of the neck and labyrinthine reflexes. 
he manner in which associated reactions “combine and interact with the 
and labyrinthine reflexes confirms the view that they are strictly com- 
ble reactions and belong to a group of reflex reactions by which muscle 
is regulated and the co-ordination of posture achieved. However if we 
ider them as a whole, we find that associated movements may result from 
voluntary contractions in face, neck, trunk and limb muscles and may 
ad so as to involve all these muscles on the hemiplegic side. The point 
strated by associated reactions, whatever their place of origin and seat of 
ponse, is that while the tone of a given muscle depends primarily and 
ntially upon the integrity of its own afferent supply, yet this tone is con- 
ntly influenced and modified by impulses arising in proprioceptive end 
vans elsewhere in the body, activated by these deep receptors; the reflex 
chanisms situated in the brain-stem achieve the co-ordination of posture.” 


Avpers, Philadelphia. 
ARCOLEPSY AND ALLIED Disorpers. S. Go_tpFLAM, Deutsch. Ztschr. f. Nervenh. 
82:20 (June) 1924. 


Formerly all periodic recurrent unconscious seizures with no definite etiology 


vere grouped under the general heading of epilepsy. The tendency in recent 


years has been to classify them, according to etiology, symptomatology, prog- 
nosis and other clinical characteristics. Among these are the reflex and 
traumatic epilepsies (jacksonian), myoclonus epilepsy (Unverricht-Lundborg), 
epilepsy procursiva (Kojewnikoff), minor narcoleptic attacks (Friedmann), 
pyknolepsy (Sauer), psychasthenic convulsions (Oppenheim), functional types 
of cortical epilepsy (Oppenheim) and genuine narcolepsy. 

In 1880, Gelineau reported a case, that of a man, aged 38, who for many 
years developed a sudden transient weakness in both lower extremities when 
he laughed. Later, he suffered from recurrent attacks of somnolence (up to 
two hundred daily). These would be precipitated by any slight emotional 
disturbance. He would sleep from one to five minutes, and be perfectly normal 


396 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


on awakening or when aroused out of this condition by some one. He would 
fall after he was overcome by sleep. Therapy was of no avail. Gelineau 
designated this condition as narcolepsy. He defined it as an uncontrollable 
desire to sleep, manifesting itself in sudden attacks and recurring at irregular 
intervals. He believed that the lesion was in the pons, where the association 
centers for emotional reactions were supposedly located. From this lesion, 
other nerve centers were affected —on the one hand, the cerebrospinal tracts, 
producing transient paralysis; on the other hand, cerebral anemia, causing 
the uncontrollable somnolence. 

Ballet (1882) stated that narcolepsy was primarily due to cerebral involve- 
ment, and called attention to the fact that similar disturbances occurred in 
circulatory diseases, in nutritional disorders (diabetes, obesity) and in hysterical 
states. 

In 1902, Loewenfeld reported a case in a 17 year old boy, similar to Gelineau’s 
patient. He called attention to the two characteristic symptoms, the uncon- 
trollable diurnal attacks of sleep, and the inhibition of locomotor functions 
produced by certain emotional reactions (laughing). He believed that the 
attacks of sleep were due to cerebral anemia, causing an irritation of a vaso- 
motor center in the medulla (Vogt’s sleep center). The author reports a 
case which he personally observed for more than twenty-one years. A man, 
35 years old, as he raised his hand to punish his child, suddenly felt limp, and 
his muscles became momentarily paralyzed. These attacks occurred at irregular 
intervals, and were precipitated by emotional disturbances. At about the same 
time, he began to fall asleep for short periods. His case differed from the 
usual case of narcolepsy in that he could not be awakened during his attacks 
of sleep. During the second year of his illness, he developed tonic contractions 
of his tongue. After ten years’ duration, the patient noticed gradual improve- 
ment in that the attacks of somnolence were not as profound nor as frequent 
However, he complained of marked fatigue. This case presents three cardinal 
symptoms of narcolepsy: the motor inhibition, the constant fatigue and the 
tendency to sleep. 

Many case reports reveal the fact that some marked psychic emotion fre- 
quently precedes the motor inhibition, manifested by a drooping of the head, 
a weakness of the lower extremities, inability to hold objects, etc. This may 
be the first evidence of the disease, soon to be followed by narcolepsy. These 
attacks may occur many times during the day or at long irregular intervals. 
These attacks of drowsiness are usually more pronounced when the patient is 
among strangers and under even moderate excitement than when at home 
with his family. In the early years of the disease, these patients do not suffer 
from insomnia at night, but later this frequently becomes a distressing symptom 
The attacks of narcolepsy are not affected by sleep or insomnia of the night 
previous, but occur in the same frequency and intensity. The prognosis is 
grave; cases of twenty-one years’ duration are reported in the literature. In 
many instances, however, the attacks are so mild that although annoying and 
distressing, they do not interfere with the patient’s occupation. 

This condition differs from epilepsy in that there is no evidence of character 
changes or mental deterioration, no amnesia, patients do not injure themselves 
during the attack, and there is a maximum miosis present. In maladie de Gayet, 
patients complain not only of narcoleptic attacks, but also of oculomotor 
paralysis, which does not occur in narcolepsy. 

Pyknolepsy, or the nonepileptic unconscious attacks in childhood (Friedman), 
occur most frequently in young girls between the ages of 3% and 12 years. 
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lhese children present no evidence of spasmophilia. The attack is simple, 
uniform and stereotyped, not only in the same individual, but in all cases. 
[here is a sudden momentary break in the consciousness. The child does 
not change his position or color, the automatic acts, such as eating or walking, 
are continued, but conversation is interrupted. One patient who developed 
n attack while writing ceased to form letters but continued to scribble. The 
xpression becomes staring, but the pupils do not change, and respond to 
light; pulse and respiration are not affected, and there is no evidence of twitch- 
ing of the muscles; the unconsciousness is slight, and the patient responds to 
external stimuli. The return to normal is instantaneous and complete. Hun- 
dreds of these attacks occur in the course of the day. The patients do not 
respond to bromids or phenobarbital. After puberty is fully established, the 
ttacks usually subside. 
Many authors consider pyknolepsy a rudimentary form of epileptic or hyster- 
il seizures. Friedman believes that it is caused by a combination of brain 
tigue, spasmophilia, hysterical suggestion, and some unknown factor producing 
somotor disturbances in the brain. It differs from narcolepsy in that there 
no attacks of drowsiness, no fatigue and no motor inhibition, and in that 
occurs most frequently in young girls. The fact that there is no evidence 
mental deterioration and that the youngster improves or usually recovers 
the age of puberty differentiates it from the petit mal type of epilepsy. 
ief diagnostic reference is made by the author regarding stuporous states 
1e to hysteria and due to organic brain lesions, such as tumors. 


Hammes, St. Paul. 


MISSIONS IN GENERAL Paresis. HERMANN TopHorr, Ztschr. f. d. ges. 
Neurol. u. Psychiat. 91:190 (June) 1924. 


[he reports of frequent remissions after malarial therapy in general paresis 
makes a study of the spontaneous remissions in this disease worth while in 
order that there may be some standard for comparison. The basis of this 
paper is a study of 289 cases of general paresis from the standpoint of the 
occurrence of spontaneous remissions, 232 of the cases being in men and 57 

women. Some of the patients received antisyphilitic treatment, while others 
received none. 

The frequency of spontaneous remissions as reported in the literature shows 

nsiderable variation: 


Author Remissions 

Per Cent. 
Acker (1888) 14.3 
Sehr (1900) 4.08 
Hoppe (1901) 16:8 
Gaupp (1903) 10.0 
Pilsz (1908) 21.0 
Joachim (1912) 4.0 
Dubel (1916) 13.5 
Kirschbaum (1923) 11.7 


The differences in variation may be explained: (1) by the fact that in 
the older statistics many cases that were not paresis were included because 
of the lack of exact laboratory methods; (2) the conception of remissions 
varies a good deal; (3) the number of remissions has increased in the last 
decade. 


3 
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In the author’s 289 cases, complete remissions occurred in 4.8 per cent., 
and incomplete remissions in 14.9 per cent. These figures are higher than 
those of most other authors. Whether this is due, as Mendel claims, to an 
increase in remissions in the last decade, cannot be stated because of a lack 
of older statistics. Gaupp and Jolly do not believe this is true. Behr, Pilsz 
and Joachim showed that there has been a slight rise in remissions in latter 
years, their studies being based on statistics. 

A comparison of the remissions occurring spontaneously and those occurring 
after malarial therapy is interesting. 

Spontaneous Remissions After Malarial Therapy 
Remissions 
Per Cent. Gerstmann Kirschbaum 
Per Cent. Per Cent. 
Complete . 36.2 
Incomplete 12.0 


These statistics are not absolute however because of the wide variation in 
the conception of remission and because only selected cases were used for the 
treatment with malaria. In the author’s cases, which were entirely unselected, 
remissions after malarial treatment amounted to twenty-three, or 24 per cent. 
He does not prescribe to the great hopes held out for treatment of general 
paresis with mialaria. 

The different forms of general paresis show certain differences in the 
frequency and the degree of the remissions. In the author’s cases the following 
was noted: 


Expansive form Remissions in 35.8 per cent. 


Demented form Remissions in 3 per cent. 
1 


Depressed form Remissions in per cent. 
Agitated form Remissions in per cent. 
Mixed forms Remissions in per cent. 

These statistics are in contradistinction to the view held by Gaupp and 
Meggendorfer that remissions in the demented and depressed forms are either 
unknown or seldom occur. Nonne describes a frequent remission in paresis 
with dementia. A review of the author’s figures shows that the majority of 
the complete remissions occur in the affective, especially the expansive, forms 

Remissions occur for the most part in the beginning of the disease, but 
occur also in far advanced paresis. Most of the remissions in the author’s 
cases occurred from three to six months after the onset of paresis. Remissions 
occurred, however, after two years and once after four years. 

The clinical changes in remissions are described as follows: The psychic 
disturbances are very much improved. Even in complete remissions, however, 
a certain amount of euphoria and dementia remain. From the physical side, 
the speech disturbance disappears, the gait is often improved and, at times, 
also the pupillary disturbances. In one of the author’s cases, the hitherto 
stiff pupils reacted to light. Furstner, Gallais, Tauzi and Kalcke reported 
the disappearance of the Argyll Robertson and Westphal signs. Moreover, all 
paretic patients with remissions gain weight. 

The duration of the remissions averages about 10.6 months. There are 
wide variations, however. 


Duration of Remissions Percentage Remissions 
6 months 
6-12 months 
1-2 years 
Over 7 years 
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Certain factors favor remissions. Certain cases follow acute infectious 
conditions. In 12 per cent. of the author’s cases, a febrile disease preceded the 
remission. The proper treatment—both as to time and method—is supposed 
to have an effect on the remissions. In cases with remission reported by 
the author, sufficient treatment was given in 24.6 per cent. and insufficient or 
late treatment in 16 per cent. “Antiluetic treatment appears to play no role 
there.” No definite conclusions could be reached as to the percentage remis- 
ions at the different ages of infection, and the author could not corroborate 
Meggendorfer’s statement that the older the person at the time of infection, 
the shorter is the incubation period for the development of paresis. It is 
impossible to say, however, on what preliminary clinical conditions remissions 
depend. 


Avpers, Philadelphia. 


‘SERVATIONS ON PSYCHOPATHOLOGIC STATES OBSERVED IN INDIVIDUALS AND 
WuicH ArE REPEATED THROUGH GENERATIONS. JEAN PiLtz, Schweiz. 
Arch. f. Neurol. u. Psychiat., Festschrift f. Constantin v. Monakow 13: 
575-587, 1923. 

The classifications which divide mental diseases into acute and chronic, 

rable and incurable, functional and organic, have long since lost their 

stification for existence. It is also impossible to base a classification on 
itomic-pathologic alterations, since‘ in most mental diseases we do not 
w what these are. Furthermore, it is neither sound nor practical to be 

uided by the psychologic manifestations, since the same psychic symptoms are 
quently encountered in the most diverse mental maladies, in which the prog- 
is is quite different. 

For purposes of modern psychiatric classification, it would seem that a 
logic basis would be most suitable. 

In a study of the departure from normal mentality, we note first that mental 

‘ease May appear in one individual or in one generation only; it does not pass 

yond that generation. As examples of this kind, we have the infectious 

ychoses, general paralysis and traumatic psychoneuroses. Pilz refers to all 
these maladies as individual psychopathologic states. Second, there are 
se diseases which reappear in successive generations. Here we may cite 
psychopathic constitutional states and manic-depressive psychoses. These 
maladies he refers to as familial psychopathologic states. Third, there are 
certain maladies which appear sometimes in the same generation on which 


the provocating agent exercised a deleterious influence; again, they pass by this 
generation, but afflict the following generation. 


Forel long since stated that it is often excessively difficult to determine in 
what clinical classification a given case should be placed, whether the dis- 
turbance is hereditary or acquired; that there are innumerable intermediary 
forms, and finally, that wide variations of the normal exist. 

Piltz proposes the following classification: 


A Biologic Psychiatric Classification 
I. Individual, or emmonogenetic, psychopathologic states. 
1. Developmental psychic disorders. (Idiocy, imbecility, mental debility). 


2. Epileptic psychic disorders. (Petit mal, pavor nocturnus, somnam- 
bulism, procursive epilepsy, ambulatory automatism, epileptic 
delirium, epileptic character, epileptic dementia). He adds that 
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most of these disturbances are the result of alcoholism in the 
ascendants, of organic disease of the brain which attacked 
the individual in embryonic or infantile life, and that genuine 
epilepsy may repeat itself in succeeding generations. 

3. Psychic disorders probably dependent directly or indirectly on 
developmental or functional alterations of the endocrine glands. 
(Cretinism, thyrotoxic-psychic disturbances, psychasthenia, 
schizophrenia, expressed as simple dementia praecox, hebephrenia, 
catatonia, paranoid dementia praecox, and finally climacteric 
psychic disorders.) In most cases of dementia praecox, one 
does not find mental disturbances in the ascendants, but one 
often finds evidences of endocrinopathy among siblings and 
cousins. 

4. Reactive psychic disorders. (Hysteric crises, hysterical depression, 
delirium and stupor, traumatic psychoneuroses, simulation). 

5. Exhaustion and inanition psychic disorders. (Neurasthenic depres- 
sion, acquired feebleness or insufficiency of the nervous system). 

6. Infectious psychic disorders. (Febrile states, infectious and post- 
infectious delirium.) 

7. Toxic psychic disorders. (Alcoholism, including simple drunken- 
ness, pathologic drunkenness appearing particularly on the basis 
of a psychopathic constitutional state or epilepsy, chronic 
alcoholism, the alcoholic psychoses, such as delirium tremens, 
alcoholic hallucinosis, Korsakoff’s polyneuritic psychosis, alco- 
holic paranoia, alcoholic dementia, morphinism, and cocainism.) 

8. Syphilitic psychic disorders. (Psychic disturbances appearing in 
the course of cerebral syphilis, syphilitic psychosis, general 
paresis, taboparesis.) 

9. Psychic disorders resulting from organic cerebral lesions. (Menin- 
gitis, encephalitis, abscess, tumor, hemorrhage, embolism, 
softening. ) 

10. Involutional psychic disorders. (Senile dementia, arteriosclerotic 
dementia, idiopathic senile dementia.) 

II. Familial or emphylogenetic psychopathologic states. 

11. Constitutional psychopathic states. (Infantalism, hereditary mon- 
strosities, hereditary psychophysiologic insufficiency, abnormal 
or morbid natures, such as instability, impulsiveness, excessive 
passions, hypochondriasis, depression, hypomania, hysteria, 
paranoia, pathologic lying, moral insanity, pathologic altruism, 
obsessions, phobias, sexual psychopathic states.) 

12. Manic-depressive psychosis. (Periodic depression, recurrent mania, 
cyclothymia, mixed manic-depressive states, periodic paranoid 

states, dypsomania. ) 


A biologic classification is not a new conception, nor is this classification 


complete, since it does not embrace all of the mental disturbances with which 


we are familiar, and since there are others, like paranoia, the existence of 


which still remains a problem. As a basis of this classification, the etiologic 


factor was chosen, and its incidence in the individual or in the family stressed. 


Rochester, Minn 
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[He SEQUELAE OF ENcEPHALITIS LetTHarRGica. A. G. DuNcaAN, Brain 47:76 
(Feb.) 1924. 


The basis of this paper is formed by eighty-three cases which were followed 
from the acute stages of epidemic encephalitis to at least eighteen months 
after the onset of the disease, the object of the investigation being to study 
the nature and course of the various sequelae found in this disease. 

Of the mental sequelae, one finds variations from minor defects, such as 
impairment of memory, to severe conditions, such as neurosis, mental deficiency 
ind insanity. Of seventy-eight patients, fifty-six, or about seven tenths, showed 
permanent mental sequelae. 


1. Defective memory was a frequent complaint, the memory being defective 
qually for recent and remote events. The defect was in no case severe and 
vas often associated with difficulty in fixing the attention. 

2. Abnormal drowsiness was common in those patients in whom lethargy 
vas a marked feature of the acute stage. These patients complained that 
they were drowsy during the day and restless at night. 

3. Alteration in disposition was a common sequela. In adults, this appeared 

abnormal irritability or as bad fits of temper. In children, fits of passion 
were common. 

4. Definite neuroses and psychoneuroses were also seen as sequelae. A 
ase of hysteria occurred in a girl of 12, with spasmodic twitching of the 
eft arm and a complete hemianesthesia. Another girl of 8 experienced periods 
of dissociation of about five minutes’ duration, in which she was oblivious 
f her surroundings. Similar states occurred in adults. One man who 
recovered after a long .period of mania would walk up and down a street 
for from twenty to thirty minutes, without apparent consciousness, and with 
o recollection of his act. A boy previously honest could not resist stealing. 
ind another child would steal things in order to give them away. 

5. Mental deficiency also occurred. Of nine children who were below 
the age of 6 at the time of the acute attack, six were mentally deficient after 
two or three years; the other three were normal. In one child of 9, imbecility 
was a sequela. 

6. One patient of 14 developed a typical schizophrenic reaction, then improved 
ind finally the condition cleared up entirely. Other patients developed manic- 
depressive insanity. Depression and melancholia were also encountered in 
i few cases. 


7. A study of the relation of age to the severity of the mental sequelae 
shows that children under 10 are most liable to severe mental after effects, 
and that the liability diminishes in the next two decades. “Children are 
naturally more affected, since there is arrested or impaired development as 
well as the defect due to actual damage of the brain.” Physical sequelae were 
frequent: 


1. Cranial nerve palsies were found in fifty-seven of seventy-five patients 
“and in nearly every case appeared to be the residual signs of lesions present 
during the acute illness.” 

Ophthalmoplegia was the most frequent of the cranial nerve palsies. Ptosis 
occurred in six cases. Strabismus occurred in seventeen cases. Diplopia 
occurred in ten cases. Weakness of convergence occurred in thirty-two cases. 
Nystagmus occurred in nine cases. Unequal pupils occurred in twenty-nine 
cases. Irregular pupils occurred in twenty-eight cases. Defective reaction 
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to light occurred in twenty-one cases. Defective reaction on convergence and 
accommodation occurred in twenty-one cases. Argyll Robertson pupils occurred 
in two cases. Impaired movement of one or both sides of the face was found 
in thirty-six patients. In ten cases, there was weakness or paralysis of the 
tongue or soft palate on the same side as that of the face. In most cases 
of facial paresis, there was also weakness of ocular muscles or changes in 
the pupils. 

2. Symptomatic paralysis agitans was a sequela in twenty-three cases. 
These patients exhibited all the signs of paralysis agitans and showed all 
degrees of severity, from the combination of masklike expression with slight 
rigidity and little disability, to the condition of extensive rigidity with or 
without involuntary rhythmical movements. Of the twenty-three cases, the 
symptoms were stationary or slowly progressive in six and definitely progressive 
in seventeen. Four of the seventeen patients died at intervals of one to three 
years after the attack; one died of abdominal actinomycosis after three years, 
and twelve are at present alive. Of these twelve, eight are in an advanced 
stage, and four show the syndrome in less severe degree. Of the six patients 
who show no progressive symptoms, the sequelae are comparatively mild. 
A long discussion follows on the various symptoms found in the disease, and 
their close similarity to true paralysis agitans. 

3. Postencephalitic chorea is common. “This type of sequela is seen after 
epidemic encephalitis in about one sixth of the cases. The movements are 
similar to those in Sydenham’s chorea. They may be generalized or local 
and show a striking tendency to diminish. They occur early as a rule, but 


may appear a considerable period after recovery. The ten patients in whom 


chorea occurred showed no evidence of lesions in the central nervous system. 


4. Trophic changes occur after epidemic encephalitis. Seven patients com- 
plained of adiposity after the illness. 

In discussing the prognosis, the author points out that of 136 patients 
with acute epidemic encephalitis who entered the hospital from 1918 to 1921, 
the mortality reached 26 per cent. The mortality is even higher, however, 
because the mortality of the sequelae is from 15 to 20 per cent. “A large 
number of survivors are left more or’ less damaged in mind or body or both.” 


Avpers, Philadelphia. 


CoRRELATED ANATOMICAL AND PHYSIOLOGICAL STUDIES ON THE GROWTH OF THE 
Nervous System IN AmpuistA. II]. THe FLoor PLATE or AMBLYSTOMA. 
IV. RATES OF PROLIFERATION AND DIFFERENTIATION IN THE CENTRAL NERVOUS 
System or Amsiystoma. G. E. Cocuitt, J. Comp. Neurol. 37:37 (June) 
1924. 


For many years, Coghill has been engaged on an extensive program of 
research on the development of behavior patterns and their correlated structural 
mechanisms. In Amblystoma, the sequence of events in the development of 
reactions to external stimulation has been accurately determined, and the 
characteristics of the nervous system and of the body as a whole which 
mediate this behavior are described in detail for each step in the development 
of the action system up to the swimming stage. 

In the first of the two papers here reported, the author shatters the tradition, 
hitherto unquestioned, that the floor plate of the vertebrate neural tube does 
not give rise to nervous elements. On the contrary, in Amblystoma, the cells 
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of this region not only give rise to neurons, but these neurons constitute the 
only source of the fibers that compose the ventral commissure in the earliest 
reaction stages. This commissure is an essential link in the closure of the 
first reflex arcs, for all of the earliest reactions are crossed in the sense 
that the muscular contraction takes place only on the opposite side of the 
ody from the stimulus. 

The peripheral nerve fibers and the ascending sensory and descending 
motor fibers of the neural tube mature anatomically before reaction to external 
timulation is possible. The first exteroceptive reactions appear when the 
.eurons of the floor plate are sufficiently mature to transmit nervous impulses 
rom one side to the other of the neural tube.. At this time, the synaptic 
inctions between the floor plate neurons and those of the longitudinal con- 
ucting tracts are histologically evident. The terminals of a dendrite of 
ne neuron and of an axon of another approach their common field from 
pposite directions and intertwine in loose spirals. 

It has long been believed that the processes of learning and the fabrication 

new behavior patterns are dependent on the formation of new patterns 
f nervous connection within the central nervous system, and on this assumption 
uch theory has grown up. The actual factual evidence is, however, slight. 
oghill shows that in early stages in the development of the behavior this 
ves take place. “Nerve cells grow.and function at the same time and the 
rowth of specific neurons is correlated with definite elaboration of the behavior 
ittern.” “In other words, the development of the behavior pattern, which 

a process of learning in the broadest sense, is actually development struc- 
irally and functionally.” 

In the second article, the author examines the distribution of mitotic 
gures and neuroblasts at each stage in the development of the behavior 
ittern up to swimming. These data are plotted to scale on outlines of 
the brain and spinal cord at each of the four critical functional stages, and 
e data are statistically examined. Coghill is one of the few authors who 
lave distinguished quantitatively between proliferation, or increase in number 

cells, and differentiation, or the transformation of indifferent embryonic 
ells into neuroblasts. These two processes are independent variables. When 
ne is active in a particular region, the other is retarded. Waves of prolifera- 
tion and differentiation apparently pass cephalocaudad through the brain and 
pinal cord. In each of the four periods studied, certain parts of the central 
ervous system are differentiating faster than others, and this localization of 
icceleration of differentiation of neuroblasts is definitely related to the develop- 
ment of the behavior pattern. The localization of accelerated proliferation 
ind differentiation indicates a fundamental unity within the cerebrum and 
sharp separation of the cerebrum from the rest of the brain. Similarly, the 


rhombencephalon shows a fundamental unity with the first seven to nine seg- 
ments of the spinal cord. Periods of development that are characterized by 
new accomplishments in behavior are characterized by marked acceleration 
of differentiation in the cerebrum. 


Herrick, Chicago. 
Tue MIGRATION OF THE RETINAL PIGMENT IN CRUSTACEANS. Rupo_r BENNITT, 
J. Exper. Zool. 40:381 (Oct. 5) 1924. 


The migration of the retinal pigment was studied in three crustaceans: 
Gammarus locusta, Talorchestia longicornis and Cambarus limosus. Under con- 


404 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


stant conditions of light and darkness, temperature alone produced no change 
in the position of the retinal pigment of Gammarus. This fact is essential to 
the most effective operation of the light-regulating mechanism of the eye. The 
temperature coefficient for 10 C. was found to be about 2 in the case of both 
distal and proximal migration of the pigment, indicating that the reactions are 
chemical rather than physical. There was no evidence that water absorption 
is connected with the process. The threshold of stimulation by light was 
found to be extremely low, indicating a high degree of photic sensitivity. The 
rate of migration at different intensities of illumination showed no relation to 
the reciprocity law of Bunsen and Roscoe, indicating that the process as a 
whole is not photochemical in nature. The migration appeared to be an “all 
or nothing” reaction. 

During retinal pigment migration in Talorchestia, there was seen a marked 
swelling of that part of the cell into which the pigment was moving, accom- 
panied by a proportionate diminution in size of the part from which it came. 
There was, at the same time, no apparent change in the size of the cell as a 
whole. The pigment granules were evidently carried by a surge of the cyto- 
plasm back and forth within the cell, the nucleus and neurofibrillae being fixed 
in position, probably by cytoplasmic strands. When the optic capsule was 
isolated from the rest of the body, distal migration proceeded normally, but 
proximal migration was entirely prevented. Distal migration is therefore 
caused by direct stimulation; proximal migration is not. When the nervous 
system was rendered inoperative by anesthesia, distal migration went on as 
before, but proximal migration was prevented. The blood supply, therefore, 
is not essential to either migration, but the activity of the central nervous 
system is necessary to proximal migration. When the head was cut off back 
of the brain, so as to eliminate the blood supply without impairing the nervous 
connections, both distal and proximal migrations occurred normally. Attempts 
to produce a response of the retinal pigment of Talorchestia to electrical 
stimulation were unsuccessful. 

In a Cambarus adapted to darkness, with one eye covered, exposure of the 
uncovered eye to light caused a partial distal migration in the retina of the 
covered eye. Distal migration can thus be caused by the nervous system if 
the external light stimulus is absent. In an animal adapted to the light, with 
one eye covered, exposure of the uncovered eye to light prevented complete 
proximal migration in the covered eye. Excision of one eye had no effect 
on the pigment migration in the other, so long as the nervous connection 
between the brain and the remaining eye was intact. Exposure of the body 
to light or darkness had no effect on the movements of the retinal pigment. 
Electrical stimulation of the optic nerve of Cambarus-produced a greater degree 
of proximal migration than occurred in an unstimulated retina kept in the 
same surroundings. Since efferent impulses evidently cause both distal and 
proximal migrations, there must be a qualitative difference in the impulses 
which traverse the optic nerve at different times, or the same impulses may 
evoke different responses, depending on the condition of the intracellular 
mechanism. The author prefers the latter view. The efferent impulses must 
also be conducted either over centrifugal neurons within the optic nerve, for 
which there is insufficient histologic evidence, or centrifugally in the neurons 
of the optic nerve itself, which is in direct opposition to nearly all the experi- 


mental evidence on the passage of the nerve impulse over the synapse. 


Wyman, Boston. 
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Tue Errect or FASTING ON THE METABOLISM OF EPILEPTIC CHILDREN. GERALD 
HoerreL and Marcaret Mortarty, Am. J. Dis. Child. 28:16 (July) 1924. 


Two cases form the basis of this study. The patients were kept in bed on 
a standard diet. Control observations were made on the urine, blood chemistry 
and the alkali reserve. Fasts were then begun lasting up to nine days, during 
which the patients were given nothing but water. During this fasting period, 
the following changes were noted in the blood and urine: (1) a marked reduc- 
tion of the alkali reserve and a measurable increase in the hydrogen-ion con- 
centration of the blood; (2) an increased excretion of ammonia and of the 
titratable acidity of the urine; (3) a striking increase in the uric acid content 
of the blood; (4) a decrease in the concentration of the sugar in the blood, 
which returns to normal after the fast is ended. In both cases, there was an 
imelioration of epileptic symptoms, which tended to persist for several months. 

VONDERAHE, Cincinnati. 

[He Errects OF BILATERAL EXTIRPATION OF THE ANTERIOR LiMB RUDIMENTS IN 

AMBLYSTOMA Empryos. S. R. Detwiter, J. Comp. Neurol. 37:1 (June) 1924. 


Removal of one or both anterior limb rudiments in very early stages is 
followed by reduction in number of cells in the spinal ganglia which normally 
upply these limbs to about half the normal. The sensory roots of these 
egments lose about three quarters of their volume. But the same operations 
lo not result in any measurable reduction in the number of ventral horn cells 
n those segments of the spinal cord from which the limbs are normally 
nnervated. It is concluded that differentiation of sensory neurons of the 
ganglia is dependent on a peripheral factor, but that differentiation of motor 
neurons of the spinal cord is independent of peripheral connections. Fiber 
mnections internal to the spinal cord itself seem to provide the conditions 


requisite for differentiation of motor neurons. “~.: 
Herrick, Chicago. 


SoME FurRTHER OBSERVATIONS ON THE LANGE GoLp CHLOoROID REACTION ON 
THE CEREBROSPINAL FLUID IN INFANTS AND CHILDREN. C. G. GRULEE, Am. 
J. Dis. Child. 28:147 (Aug.) 1924. 


Grulee finds that in congenital syphilis the colloidal gold reaction may 
assume at times the same type as in paresis. Grulee also found that a strong 
reaction to the Wassermann and colloidal gold solution in the spinal fluid may 
occur with a negative blood Wassermann reaction. Tuberculous meningitis 
in children tends to conform to the typical reaction, although it too may vary 
considerably. In cases of idiocy and epilepsy, the author found slight color 
changes, but rarely a reaction greater than “I” in any of the dilutions. 


VONDERAHE, Cincinnati. 


Tue Course AND DISTRIBUTION OF THE RApIX MESENCEPHALICA TRIGEMINI IN 
THE Cat. H. E. THELANDER, J. Comp. Neurol. 37:207 (June) 1924. 


These experiments performed by the Marchi method are largely confirmatory 
of previous work, with the addition of some new details. The fibers descend 
from their nucleus in the roof of the midbrain and for the most part enter 
the motor root of the trigeminus, a few entering the sensory root. Before 
emergence from the brain, collateral branches are given off, which descend 


J 
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as far as the level of the inferior olive. This last observation recalls Herrick’s 
description of this root in Amphibia, in which collaterals of the fibers descend 
to effect functional relations with the motor facialis nucleus. 


Herrick, Chicago. 


DIFFERENTIAL IMPROVEMENTS IN THE SYMPTOMS OF Toxic GoITER DURING 
ROENTGEN-RAy TREATMENT AND Rest. MarGaret M. Kunpe, Pu.D., Arch. 
Int. Med. 33:758 (June) 1924. 


In the case of toxic goiter reported, the basal metabolic rate was exhaustively 
studied while the patient was at rest and treated with roentgen ray. The 
unusual feature of the case is that the symptoms of toxicity did not run parallel 


with the basal metabolic rate. The goiter was reduced in size; body weight 


was increased; tachycardia and exophthalmos were markedly reduced, in 


spite of the fact that the basal metabolic rate was increased. 


VONDERAHE, Cincinnati. 


On THE PRESENCE OF GANGLION CELLS IN THE THIRD AND SIXTH NERVES OF 
Man. HELEN Nicuorson, J. Comp. Neurol. 37:31 (June) 1924. 


Thirty scattered ganglion cells were counted on the root of the third 
nerve of a full term fetus. Of these, about half were found within the orbit. 
The latter were grouped in four small ganglia, three on the branch to the 
inferior oblique muscle and one on the branch to the internal rectus. A 
ganglion containing about 30 cells was found on the sixth nerve. No ganglion 


cells were found on the course of the fourth nerve. — 
Herrick, Chicago. 


THE ELECTROCARDIOGRAM IN CRETINISM AND IN MONGOLIAN IpIocy. CATHERINI 
THacuer, Am. J. Dis. Child. 28:25 (July) 1924. 


The electrocardiograms of eight cretins and twelve Mongolian idiots were 
studied. In the Mongolian idiots, no characteristic change was noted. In the 
cretins, however, the T-wave of the electrocardiograms was found to be lowered, 
flattened, or even inverted; administration of thyroid medication brought the 


wave to VONDERAHE, Cincinnati. 


STuDIES OF THE THyrormp APPARATUS. XX. THe Errect or THYROPARATHYROID- 
ECTOMY AND PARATHYROIDECTOMY AT 75 Days or AGE ON THE GROWTH OF 
THE BRAIN AND SPINAL Cord oF MALE AND FEMALE ALBINO Rats. FREDERICK 
S. Hammett, J. Comp. Neurol. 37:15 (June) 1924. 


The brain is more dependent on thyroid function for its normal quantitative 
growth and qualitiative differentiation than is the cord. The growth of the 
central nervous system is more resistant to the toxemia of parathyroid deficiency 


than is that of the body as a whole. Herrick, Chicago. 


Society Transactions 


NEW YORK NEUROLOGICAL SOCIETY AND SECTION ON 
NEUROLOGY AND PSYCHIATRY OF THE NEW 
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Joint Meeting, Nov. 11, 1924 
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CULAR LESIONS OF THE BRAIN, SIMULATING Brain Tumors (Lantern Illus- 
trations). Dr. I. Strauss and Dr. J. H. Gtosus. 


lo be published in full in the ArcHIvEs. 


Cases oF Brain Apsscess, DIAGNOSED AS ACUTE VASCULAR ACCIDENTS. 
R. B. RicHarpson, M.D. (by invitation). 


In the month of August, 1924, two cases from the neurological services, 
iladelphia General Hospital, came to necropsy with a diagnosis of acute 
cular lestons. In each case an immense brain abscess was revealed. The 
ical pictures were those of acute vascular insults. The onsets were sudden, 
preceded death by eleven and thirteen days, respectively. Neither case 
iibited any reaction in temperature, pulse, or respiration, until broncho- 
umonia developed—in the one instance, one day before death; an intestinal 
struction associated with stricture of the rectum, ischiorectal abscess and 
ght inguinal hernia occurred in the other two days before death. The com- 
lications were thought to be sufficient reason for the outcome. 
The cases referred to were as follows: 
Case N. P. A., from the service of Dr. C. W. Burr. Diagnosis: right hemi- 
legia, cerebral hemorrhage, terminal bronchopneumonia. 
An adult Austrian, aged 47, an oilcloth worker, admitted to the hospital 
Aug. 15, 1924, had an illness, the onset of which was sudden, and which 
‘curred two days before admission. The man was poorly nourished, con- 
fused, partially aphasic, and obeyed commands slowly. He exhibited marked 
weakness in the right side of the face and upper extremity, and to a less extent 
in the right lower extremity. There was no muscular atrophy apparent. The 
biceps, triceps and forearm reflexes were increased on the right side; the 
abdominal reflexes were diminished on the right, active on the left; the- 
patellar and Achilles’ reflexes were diminished on both sides; there was no 
clonus or Babinski sign. The patient was continent. Sensation was not accu- 
rately determined because of the aphasic condition, but it was not abolished. 
The heart wes slightly enlarged, and there was some sclerosis of the radials. 
The blood pressure was: systolic, 134; diastolic, 98; the blood Wassermann 
test was negative in both antigens. Blood chemistry revealed: sugar, 115; 
urea, 15 mg.; uric acid, 2.8 mg. 
On August 22, the patient became stuporous and incontinent. On August 
23, the signs of bronchopneumonia were first observed; the left pupil was 
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dilated and fixed, and the temperature gave the first indication of a reaction. 
The blood pressure on this date was: systolic, 116; diastolic, 84. The patient 
died on August 24, and the clinical diagnosis, as above indicated, was thought 
to account for death. 

Pathology.—The brain was edematous. It weighed 1,650 gm. The left hemi- 
sphere was larger and softer in consistency than the right. To provide accom- 
modation for this increased bulk, the mesial surface of the left frontal lobe 
projected itself across the mesial plane, and became invaginated into. the 
mesial surface of the right frontal lobe. There was also marked distention 
of the third ventricle. On horizontal section of the cerebral hemispheres, an 
abscess, 5 by 4 cm. in diameter, was revealed in the left basal ganglia area. 

Pus from this abscess cavity showed a streptococcic infection. Microscopic 
examination of sections taken from the wall of the abscess cavity and adjoin- 
ing areas by Dr. N. Winkelman of the neuropathological laboratory, Phila- 
delphia General Hospital, disclosed a marked ‘glial proliferation with poly- 
morphonuclear invasion, the glial proliferation predominating. 

General necropsy confirmed the clinical diagnosis of bronchopneumonia, 
and revealed a chronic adhesive pleuritis; a chronic interstitial myocarditis, 
and chronic interstitial pericarditis; cloudy swelling of the liver and passive 
congestion of the kidneys, but no focus of infection to account for the immense 
brain abscess. 

Case N. T., from the service of Dr. James H. Lloyd. Diagnosis: left hemi- 
plegia, cerebral thrombosis, general arteriosclerosis, intestinal obstruction. 

A very light colored man, a chef, admitted to hospital on Aug. 16, 1924, 
the onset of whose illness was sudden and more progressive than in the 
previous case, on the evening of Aug. 12, 1924, suffered from a severe frontal 
headache. Headaches were not uncommon, for both he and his mother suf- 
fered with migraine which was associated with gastric upsets. With this 
headache there was no gastric disturbance. The following morning when he 
awakened, his left upper extremity and the left side of his face were paralyzed, 
and on the following morning, the left lower extremity was paralyzed. The 
condition remained stationary until 1 p. m. Saturday, August 16, at which 
hour he was seized with a general convulsion, which affected the left side of 
the body more than the right. Previous to this convulsion, the patient had 
not presented any abnormal mental symptoms. Now he was confused, drowsy, 
and incoherent. He was admitted to hospital late the same day. He was 
found to be drowsy, but easily aroused. His speech was thick and almost 
unintelligible; while disoriented as to place, he was not disoriented as to 
time, and he recognized his relatives. The head and eyes were deviated to 
the right; the left upper and lower extremity could not be moved voluntarily, 
but at times he exhibited involuntary jerkings of the adductors and abductors 
of the left thigh and purposeless movements of the left upper extremity. The 
muscles showed no evidence of wasting. The biceps, triceps and knee reflexes 
on the left were increased. There was no abdominal response on either side 
and no plantar response on the left. The left side of the face presented an 
ironed out appearance, with definite weakness of the left side of the mouth, 
and inability to close the left eye as tightly as the right. Pupillary reactions 
were normal. The tongue deviated to the left on projection. It was not 
possible to arrive at definite conclusions in the matter of sensation other than 
to say that sense perception was not abolished. The borders of the heart 
were within normal limits, but the heart sounds were of a poor quality, and 


extra systoles were observed about every forty beats. The blood pressure 
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was: systolic, 120; diastolic, 86. There was definite sclerosis of the radials. 
On the right side there was an inguinal hernia. The patient also suffered 
from stricture of the rectum, as well as ischiorectal abscess. This stricture 
had caused him much trouble during the last few years, and required almost 
daily dilatation to prevent obstruction and permit movement of the bowels. 
\fter admission to the hospital, this led to complications which were thought 
© account for the deepening coma and rise in temperature, which made its 
rst appearance on August 22. Movement of the bowels became impossible. 
nemas brought only mucus and blood. The patient became rapidly more 
mmatose. The jerking of the adductors and abductors of the left thigh, 
hich had been in evidence, was not seen after August 22. The temperature 
ntinued to rise. The hernial sac was obstructed with feces. Surgical con- 
ultation resulted in advice against operative interference. The patient died 
August 26 
The blood Wassermann test was negative in both antigens. Blood chem- 
ry revealed: sugar, 120 mg.; urea, 38 mg.; uric acid, 3.8 mg. 


Pathology—The brain was definitely edematous. It weighed 1,450 gm., 
nd the.right hemisphere was found to be larger and softer in consistency 
an the left. The mesial surface of the right frontal lobe presented a mar- 
edly rounded projection, which invaginated itself into the left frontal lobe. 
here was, as in the previous case, marked dilatation of the third ventricle 
to the interpeduncular space. The pia-arachnoid of the convex cerebral 


rfaces was definitely milky in color. On horizontal section of the cerebral 
emisphere, just as in the other case, an abscess cavity was revealed which 
measured 2.5 cm. by 5 cm., and which was found to occupy the basal ganglia 
region of the right side. 

Some of the changes were evidently due to postmortem softening. Sec- 
tions were taken from the wall of the abscess and the adjoining areas. Dr. 
Vinkelman reported these sections as showing marked polymorphonuclear 
nvasion and glial proliferation, the polymorphonuclear invasion being the 
more marked. The vessels of the area were engorged and were surrounded 
by collars of gitter cells. The pia-arachnoid showed irregular clusters of 
polymorphonuclears. 

General necropsy revealed a miliary tuberculosis with acute fibrinous 
pleuritis, and bronchopneumonia; chronic interstitial myocarditis and arterio- 
clerosis (slight), hypertrophy, fatty degeneration and fatty infiltration; chronic 
splenitis and chronic interstitial nephritis. The pus from the brain abscess 
showed a gram-positive organism which resembled the colon bacillus, as well 
as streptococci. This finding is therefore associated with the ischiorectal 
abscess, which is taken to be the focus of infection. 

In the previous case the predominance of glial reaction over the polymor- 
phonuclear invasion suggests that the condition was of a chronic nature; 
while in this case the marked predominance of the polymorphonuclears shows 
that the reaction was acute; that the glia had not had sufficient time for such 
changes as were exhibited in the previous case, but that there was marked 
glial proliferation. 

These two cases demonstrate that brain abscesses may have acute onsets 
without fever, and that they may simulate acute vascular insults, especially 
if located in the areas adjacent to the internal capsules. The inference then 
is that if patients present pictures of acute vascular lesions, and foci of 
infection are known to exist, as occurred in Case N. P., the possibility of 
brain abscess by metastasis should not be forgotten. 
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The foregoing cases are presented through the courtesy of Drs. C. W. 
Burr and James H. Lloyd. 
AcuTe Serous ENCEPHALITIS: A NEWLy REeEcoGNIzED DIsEASE oF CHILDRBPN. 

Dr. CHar_es L. Brown, Boston, and Dr. Douctas Symmers, New York 
(by invitation). 


In 


Boston, observed six cases of a rapidly fatal disease in children, attended 


the summer of 1923, Brown, working at the Children’s Hospital in 


by symptoms referable to the central nervous system. Five of these cases 
were investigated postmortem. In the summer of 1924, Symmers, working 
independently at Bellevue Hospital, observed five cases presenting clinical 
and anatomic changes identical with those encountered in Boston. The young- 
est child in the series of ten cases was 22 months of age, the oldest, 7 years 
The disease occurred five times in males and five times in females. 

Clinically, it is characterized by rapid onset and is initiated by such symp- 
toms as irritability, lack of appetite, vomiting or diarrhea, or both, and notice- 
ably often by sore throat, the whole followed by elevation of temperature, 
sometimes to the extent of 105 or 106 F.; also by signs referable to derange- 
ment of the central nervous system, among them bulbar signs in the form of 
respiratory irregularities, ptosis, strabismus, nystagmus, papilledema, retrac- 
tion of the angle of the mouth, localized muscular twitchings, rigidity of the 
neck or jaw, hemiplegia, coma, convulsions and death within thirty-six or 
forty-eight hours, or, at longest, a few days. The most striking feature of 
the convulsions is that they are absolutely uncontrollable by any of the mea- 
sures commonly employed for this purpose, including the use of such drugs 
as morphin and chloral. Two clinical types are recognizable. In one, con- 
vulsions are associated with one or several of the localizing symptoms just 
enumerated; in the other, the only obvious symptom referable to the central 
nervous system is to be found in the convulsions. 

Anatomically, the disease is characterized by extreme enlargement of the 
brain. The pia-arachnoid presents an intense degree of engorgement; the 
convolutions are flattened; the sulci are obliterated, and the brain is exceed- 
ingly soft. 

Microscopically, the most constant changes are to be found in hyperemia 
and edema of the pia-arachnoid, engorgement of the blood vessels of the 
brain, perivascular and pericellular edema, with or without vasculation of the 
ground substance, and acute cloudy swelling of the pyramidal cells. Every 
capillary in the brain is crowded with red blood corpuscles, almost to the 
point of bursting. Hemorrhages into the brain, however, are conspicuous by 
their rarity. Practically every one of the blood vessels is surrounded by an 
apparently empty space, corresponding to an area of edema. In places, the 
microscopic picture is marked by the presence of innumerable glia cells, each 
of which lies in what appears to be a vacuole, but which again represents an 
area of edema. In some cases, there are focal collections of a dozen or more 
cells made up of glia cells, together with cells of the lymphocytic type and 
occasionally polymorphonuclear neutrophils. In none of their microscopic 
preparations, including practically every part of the brain, have they in a 
single instance encountered the cellular infiltration which is so characteristic 
of poliomyelitis and epidemic encephalitis. On the other hand, the intense 
injection of blood vessels and the presence of clear spaces around the vessels 
and cells, corresponding to areas of edema, lead them to believe that they 
are dealing with a vascular disease attended by the escape of serum rather 
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than cells; that is to say, that the disease belongs in the same general category 
with the so-called epidemic encephalitis differing from it, as indicated, in 
several histologic essentials. They apply the descriptive title of “acute serous 
ncephalitis,” and believe that it is a form of infection, and that it presents, 
clinically ana pathologically, a picture which has not hitherto been recognized 
nd described. 

DISCUSSION 

Dr. C. T. SHARPE (by invitation): In 1917 I presented before the Neuro- 
ical Society a paper on edema of the brain in scarlet fever, at the request 
f Dr. Tilney who was then president of the association. I wish therefore to 
ike exception to the title of this paper as presented by Dr. Symmers and Dr. 
srown, and draw the attention of the Society to the report of my paper as 
ublished in The Journal of the American Medical Association for Jan. 18, 

1919, volume 72, page 159. 

Dr. Tilney was very much interested in my cases, and Dr. Casamajor and 
thers came to the hospital and confirmed the clinical findings before the 
ises were reported. I was under the impression at the time that a new 
linical condition had been hit on as there was no presentation in the litera- 
ire on edema of the brain per se. As a clinical entity, I believe this to be 
ue today, but edema of the brain was recognized many years ago. 

Conde, writing in 1858 on measles,and scarlet fever, refers to it definitely, 
id in Copeland’s “Dictionary of Practical Medicine” published in 1847, refer- 
nce is also made to the cerebral type of lesions and he reports the brain to 

much more vascular and softer. Robert Williams, in his work on “Morbid 
‘oisons,” reviewed in the Medico-Chirurgical Review of 1837, reported a typi- 
il case that presented intermittent blindness associated with convulsions. 


I have seen, in all probability, 100 cases of this condition. Clinically, there 
s a marked blurring of the disks, and the spinal fluid is under considerable 
pressure. The first case I recognized in 1906 occurred three weeks after an 
ittack of measles. The patient improved markedly after the most intensive 
outbreak of urticaria that I have ever seen. 


Conde, in commenting on this condition, says: “There is often severe 
erebral excitement with a redness of the eyes, intolerance of light, and a 
throbbing pain in the head, with ringing in the ears, watchfulness, confusion 
of mind, and delirium. To these symptoms there may succeed a state of 
tupor occasionally interrupted by loud screams, or by fits of violence or of 
fretfulness.” 

Dr. CaAsAMaAjor: Through the courtesy of Dr. Symmers I have had the 
opportunity of studying some of this material. The most striking feature in 
the pathologic picture is the enormous hyperemia, which gives one the impres- 
sion of an underlying toxic condition. Of course this may just as well be 
infectious, but one does not see as much reaction in the tissues as one ordi- 
narily expects to see in an infectious condition; that is, in the infectious con- 
ditions which we know best. There is no hyperplasia of the lymphocyte 
elements that occur in epidemic encephalitis. In the nerve cells, the picture 
is one of a massive acute cloudy swelling such as one sees in both toxic and 
infectious conditions. The increase of glia cells is more characteristic. There 
were some peculiar little foci of cells which appeared to be of mesodermal 
origin mixed with glia cells, and in my opinion this can mean nothing but 
infection. I think we are seeing here another kind of encephalitis. Epidemic 
encephalitis gives considerable reaction in the blood vessels with little reac- 
tion of the true nerve tissue except at the base of the brain. Here the case 
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is different, with considerable alteration of the nerve cells throughout the 
entire brain with but little vascular reaction and no lymphocytic infiltration. 
1 feel that Dr. Symmers and Dr. Brown have described here a new type of 
encephalitis. Surely there is more than one type of encephalitis, and our 
knowledge of brain conditions in the future is going to be worked out much 
more accurately than it is today by the studying of possibly many types of 
encephalitis that appear. 

Dr. Strauss: A few weeks ago we learned at the hospital that Dr. Symmers 
had discovered a new pathologic entity. Just after we had learned this, a case 
came to the hospital, that of a boy aged 12. There was a history of malaise 
as described in the cases presented, with little rise in temperature. The patient 
presented slight right facial weakness, weakness of the left arm and leg, with 
a positive Babinski sign. He had great difficulty in swallowing. The spinal 
fluid showed 136 lymphocytes per cubic millimeter. He did not appear to be 
very ill. The pediatrician said that the condition might be poliomyelitis, but 
because of involvement of the palate, there was a possibility of diphtheria, 
although cultures were negative. The neurologist said it was probably polio- 
encephalitis, and probably due to the poliomyelitis virus. The difficulty in 
swallowing was serious. The temperature gradually rose in three days to 104 F., 
and then the boy died of respiratory paralysis. We obtained the brain, which 
showed marked injection of the pia. When we cut the sections of the medulla we 
looked for typical perivascular infiltration. We did not find it except occa- 
sionally and in insignificant amounts, but around the vessels there was a peri- 
vascular space filled with granular material which was coagulated transudate. 
We thought the condition was what Dr. Symmers calls acute serous encephal- 
itis. I am glad to hear Dr. Symmers admit that there is a possibility that it 
belongs to the encephalitic group. We thought this was due to the poliomyelitis 
virus, but at this time of year there is a question whether the condition is 
encephalitis or poliomyelitis. In the opinion of Dr. Globus and myself the 
pathologic picture is dependent on two factors: (1) virulence of the germs 
and the number of germs, and (2) the amount and virulence of toxin these 
germs form in the nervous system. We had one case without much perivascular 
infiltration, but in which there was necrosis of the vessel walls caused by 
the attack of the disease. There was diapedesis of red blood cells into the 
perivascular spaces, and in some cases large hemorrhages. Another factor 
is that where the resistance of the brain is increased and the toxin is not so 
potent, the vessels have a chance to form a wall of defense, and we see spaces 
in the adventitia filled with lymphocytes. The virus is more attenuated, and 
the vessel can react with adventitia and glial elements. Finally, we have another 
picture of an acute fulminating type in which the virulence of the organism 
is so intense that before there can be any reaction on the part of the vessels 
there is a tremendous transudate with disturbance of the brain mechanism, with 
early death. I saw one case lately, that of a girl aged 17, with jacksonian 
convulsions affecting one side of the body. She retained consciousness during 
the attacks; the convulsions lasted three days. She ran a temperature of 
101 F. Sometimes there were general convulsions. I thought it was a local 


encephalitic process. We gave bromids, scopolamin, morphin and magnesium 
sulphate intravenously, without effect. We had to administer chloroform. 
In three days, there were 136 seizures. Today the patient is perfectly well. 
I feel that the diagnosis of an encephalitic process was correct. I think we 
were fortunate that she recovered. 
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Dr. Osnato: We are familiar with meningo-encephalitis as the expression 
of an infection of the central nervous system during the course of many infec- 
tious diseases. This is seen frequently in children suffering from measles, 
scarlet fever, pneumonia, etc. At the present time I think that those who 
have experience with epidemic encephalitis know that we are having a little 
flare-up in this city amounting to a small epidemic. As all Dr. Symmers’ 
cases occurred in children, perhaps some disturbance of the water balance 
might have something to do with it. The disease is characterized by gastro- 
intestinal disturbances with vomiting and diarrhea, and there must be con- 
siderable loss of fluid from the circulating blood. The pathologic picture may 
e an attempt on the part of the organism to draw enough fluid from the 
tissues to offset the loss of fluid caused by the gastro-intestinal disturbances. 
lf the water balance were reestablished, the picture might progress to one 
if ordinary epidemic encephalitis. 

Dr. M. NeustaepTter: Twelve years ago, some Swedish investigators pub- 
lished a work on poliomyelitis; they described the same pathologic picture, 
which was not accepted as that of poliomyelitis. A few years ago, Larkin 
showed me the brain of a patient supposed to have had encephalitis with the 
histopathology shown tonight. Two months ago, I received from Doerr’s 
laboratory of the University of Basel a rabbit brain infected with human 
epidemic encephalitis and showing the characteristic microscopic lesions. I 
have injected a suspension of this brain into three rabbits, and a filtrate of 
this suspension into two rabbits. They all succumbed within from three to 
six days, respectively. The brains of the rabbits receiving injections of the 
emulsion showed the characteristic exudative infiltration around cells and 
lood vessels that we see in encephalitis, while the brains of the rabbits receiv- 
ing injections of the filtrate showed the picture described by Drs. Symmers and 
Brown. The cultures and smears from all the brains were negative as to 
bacteria. Whether a toxin retained in the filtrate produced this peculiar picture, 
or the encephalitis virus, I cannot explain. 

Dr. S. RorHENBERG (by invitation): At the Jewish Hospital in Brooklyn, 
we were puzzled by an epidemic in children suffering from partial paralysis 
and with atypical symptoms of meningitis or an encephalitic condition. I 
should like to mention a few cases seen lately in the hospital. The first 
was one that occurred a week ago. The child had a temperature of 101 F., 
with paralysis on the right side; the physical findings showed a double 
Babinski sign, with marked rigidity of the neck. The next day the child 
developed what we thought was bronchopneumonia. There were no convulsions. 
The respiratory difficulty became worse, and the child died. Necropsy was 
not allowed. Another child showed an interesting condition; there was marked 
rigidity of the neck, and the child lay on its stomach and refused to move. 


There was pleocytosis of 5,000 cells —leukocytes. There were no other symp- 
toms of any kind. Another case was that of a baby, 8 months old, with marked 
rigidity of the neck; there were no other symptoms, but some respiratory 
embarrassment. The temperature was 101 to 102 F. These children do not 
look as if they are going to die. Whether they have cases of encephalitis or 
poliomyelitis or serous meningitis, we do not know. 


Dr. Stookey: I was called in consultation this summer to see a case in 
which the diagnosis was of a fulminating type of encephalitis. The child 
had had middle ear disease; the drum membrane had been opened, but no 
pus was obtained. Two weeks later, the child began to have twiching of the 
face, with unequal pupils. Dr. Strauss gave a bad prognosis. I saw the 
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case later to note whether there was indication for surgical exploration in 
the left cerebellum. We inserted a needle to the depth of 1 cm., and we 
obtained clear fluid in every direction of the needle. We drained off 30 c.c. 


of fluid from the cerebellum. There was no increase in pressure in relation 


to any ventricular system, such as in the fourth ventricle. We thought we 
were dealing with serous meningitis. The patient made a good recovery, and 
four weeks later was apparently cured. During the stay in the hospital the 
child had a slight elevation of temperature; for no reason at all that I can 
see, as far as operation went, the child became well. I think it was perhaps 
one of the less severe type which may recover. I cannot explain the fluid 
1 cm. in the cerebellum. 

Dr. SyMMERS: I am glad to hear about Dr. Strauss’ cases. I think he 
has described the same condition. 


DIFFERENTIAL DIAGNOSIS BETWEEN CEREBRAL DEGENERATION, INFILTRATING 
CEREBRAL NEOPLASM AND INFILTRATING CEREBRAL NEOPLASM WITH DEGEN- 
ERATION. Dr. Henry Atsop Ritey and Dr. CHaries A. ELSBERG. 


The opportunity for this communication has been afforded by the death 
within the past few months of a number of patients who previously had been 
considered to be suffering from vascular degeneration but whose death demon- 
strated that they had been suffering from deep-seated infiltrating cerebral 
neoplasms with overlying areas of cortical degeneration. 

The question of cerebral vascular degeneration involves a consideration of 
the two types: (1) an acute and local process and (2) a slow, ingravescent 
process resulting in gradual obliteration of the smaller vessels depriving 
large areas of the hemispheral substance of their nutrient blood supply. The 
character of onset, the distribution of the pathologic condition, the resultant 
symptomatology and the course serve to differentiate between these two types 
of vascular degeneration affecting the cortex. 

Considering infiltrating cerebral neoplasm, the course is usually sufficient 
to differentiate it from the abrupt type of thrombosis, but it seems difficult, 
if not impossible, to differentiate a slow-growing, deep, infiltrating neoplasm 
from the results of a slow-spreading, diffuse occlusion of small vessels giving 
the clinical picture of widespread vascular degeneration. Often the position of 
the tumor, situated in the deeper portions of the brain, results in bilateral 
symptomatology, although usually the results of the growth manifest themselves 
as disturbances in one half of the cerebrum. 

The picture resulting from deep, infiltrating cerebral neoplasm combined 
with vascular degeneration is almost uniformly that of vascular degeneration 
limited to one cerebral hemisphere, and only in the last stages of the disease 
does clear-cut evidence of the true nature of the disturbance appear, namely, 
headache, papilledema and vomiting. 

The case histories of three patients presenting such a syndrome were given 
in detail. The combination of vascular degeneration arising on the basis of 
an underlying occult infiltrating neoplasm seems to make its appearance by 
symptoms of slowly advancing vascular degeneration which in the main are 
confined to one hemisphere only, namely, that portion corresponding to the dis- 
tribution of one of the larger vascular channels. The combination usually appears 
in persons below the age at which vascular degeneration might be expected 
to develop and in the absence of any indications of underlying cardiovascular 
pathology. The course seems to be much more steadily and logically progressive 
than that of a diffuse vascular degeneration. 
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DISCUSSION 

Dr. Etsperc: The subject under discussion is an important one both from 
the standpoint of diagnosis and from the point of view of operation. All of 
us see patients with slowly progressive cranial symptoms concerning whom 
ve are in doubt as to whether they have a neoplasm or degenerative disease on a 
ascular basis, especially when the signs are located in one area of the brain. 
In a patient who presents the symptoms and signs of a vascular lesion, the 
peration may expose a large area of degenerated brain, but this does not 
make it certain that there is not a deep new growth which has pressed on a 
large vessel and secondarily caused an extensive area of degeneration. In 
two patients in whom I found extensive degeneration on the operating table, 
apilledema developed a number of months later, and at necropsy a tumor 
vas found which had secondarily caused the degeneration. In general, if 
ve exclude acute vascular lesions, vascular degeneration is a rare lesion, and 
ne should hesitate to make such a diagnosis in a patient with slowly progressive 
symptoms. 

Dr. I. Strauss: I know of no situation more difficult of solution for the 
eurologist than when he has to determine whether a patient over 50 years 
f age has vascular disease of the brain or neoplasm. We are frequently 
onfronted with that problem. Is there softening due to thrombosis or is 
there a neoplasm? Cases of vascular lesion can go insidiously and the 
rodromal stagé can cover a long period of time. Dr. Globus and I have 
hown three cases of lesion in the cerebellum in which there were symptoms 
f intracranial pressure due to interference because of enlargement of the 
cerebellum through pressure on the foramina of Magendie and Luschke, causing 
hoked disk with internal hydrocephalus. One of the cases was that of a 
young woman, aged 27, with a history of nephritis, and in such a case we 
ire justified in suspecting a hemorrhage without tumor, because there is a 
onstitutional basis for vascular lesion; yet, in the face of such a situation, 
we may be mistaken; but if at operation we find marked atherosclerosis of 
the vessels of the cerebellum, we should leave the case alone. We must be 
careful in making a diagnosis of neoplasm in children. In some children 
hemorrhages are not infrequent, particularly when there are signs of thymico- 
lymphatic dyscrasia, though when there are signs of intracranial pressure, 
the neurologist is in a delicate position. Shall we feel certain of our diagnosis, 
or shall we explore for cerebellar neoplasm? Neurologists are faced with a 
serious problem. Is there any means of help in making the differential 
diagnosis? I think there is one aid, which may have its dangers, and that 
is the ventriculogram. In one case of hemorrhage into the cerebellum and 
into the ventricles, death occurred suddenly after ventriculography. Such a 
result is not frequent; but there is no method used in medicine today that is 
without its dangers. A patient may die after the administration of scopolamin, 
but that does not mean that we should not use the drug. In a person 45 
years old, with diabetes, who had an arteriosclerotic process, the spinal fluid 
contained 40 cells. If the ventriculogram had been properly interpreted, the 
diagnosis of frontal neoplasm would not have been made. There is air in the 
ventricle. The descending horn is dilated and shows obstruction of the frontal 
region of the brain; but a lateral and an anteroposterior view show that 
the anterior horns are patent. A vascular lesion will not destroy the ventricles 
unless it is existent for a long time. It does not increase the bulk of the 
brain and impinge on the ventricles. If this method of ventriculography 
can be properly interpreted, it can give assistance which we cannot otherwise 
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obtain. As an example of the difficulty of differential diagnosis I will cite 
the case of a woman, aged 52, with speech difficulty, memory impairment, weak- 
ness of the right arm, arteriosclerosis and hypertension; apathy, emotional dis- 
turbance, with aphasia, engorgement of the veins of the disks, arteriosclerosis 
of the retinal vessels and casts in the urine, whom one would surely suspect 
of having vascular disease; and yet she had a neoplasm. There was slow, 
progressive swelling of the optic disks, yet she was considered by the ophthal- 
mologists as having arteriosclerosis. She had tenderness on percussion on 
the right side of the skull. Ventriculography was performed and showed no 
air in the lateral ventricle on the right side. Craniotomy was performed, 
and a deep tumor was found. A change in the vessels makes one suspicious, 
and ventriculography makes one positive. The differentiation between neo- 
plasm and vascular disease is difficult. The proper interpretation of ventriculo- 
grams will aid us in making a differential diagnosis. 

Dr. J. Ramsay Hunt: The subject under discussion is one of unusual 
importance from the standpoint of diagnosis, because of the frequency of 
vascular lesions of the brain. The possibility of tumor or of abscess comes 
up for consideration in many of these cases, but, in my own experience, real 
difficulty in diagnosis is comparatively rare if due attention is paid to the 
course and development of the clinical picture. 

The most characteristic feature of vascular lesion is the mode of onset, and 
only rarely is the progression so slow and insidious as seriously to simulate 
tumor. Of this type I have encountered three cases in all of which there 
was a difference in the distribution of the lesions. In one case, there was 
an annular focus of arteriosclerosis in the internal carotid artery which had 
gradually encroached on the lumen of the vessel, thus producing hemiplegia 
of gradual development. In another case, there was a parietal lesion of the 
middle cerebral arteries partially occluding the vessel and gradually encroach- 
ing on the central perforating arteries which pass to the basal ganglia. In 
this case, the situation was complicated by attacks of jacksonian epilepsy. 
In still another case, there was a gradual development of double hemiplegia 
in an elderly man, associated with double optic neuritis. These symptoms in 
this case have been caused by progressive arteriosclerotic changes with 
thrombosis in the basal ganglia. The error in diagnosis was caused by the 
presence of optic neuritis. In such cases, even with the greatest caution, 
differential diagnosis is difficult or even impossible. In only one of the’ cases 
mentioned above was an exploratory operation performed because of the 
attacks of jacksonian epilepsy. The patient later succumbed to abscess of 
the brain. In all such doubtful cases I believe that a conservative course 
should be pursued as regards exploratory operation. 

Dr. CASAMAJOR: I have always considered the differential diagnosis between 
brain tumor and brain degeneration from arterial causes as one of the most 
dificult in organic neurology. I make errors in this differential diagnosis 
all the time, and I have felt that the real differentiation can often be made 
only by operation or by necropsy. I have not changed my mind after hearing 
this discussion. Any tumor which infiltrates the brain and destroys the brain 
tissue may be said to be a brain destruction. From the point of view of 
diagnosis, we see the possibility of three different things happening when a 
tumor grows in the brain: 1. The growth element is greater than the 
destruction, and the result is an increase in the cranial contents and an increase 


of intracranial pressure. 2. Another group destroys the brain tissue as rapidly 


as it grows, and there is in these no increase of intracranial pressure. This 
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is a pure infiltrating type of tumor and is the one that I think accounts for 
those undetected tumors which are found at necropsies in the patients in 
our hospitals for the insane. In the third type, the destruction is greater than 
the increase of new tissue. This results in cyst formation with decrease 
of intracranial tension. Here it is difficult to say that we have a tumor 
when there is no evidence of increase of intracranial tension. Dr. Strauss 
and Dr. Globus have shown us a series of interesting and instructive cases, 
and I can well see why the diagnosis of brain tumor was made in each one. 
[he aneurysm that they showed certainly was accompanied by the symptoms 

a tumor, giving pressure signs and the clinical signs that one would expect 
from tumor formation. If we are ever to be certain of the differential diag- 
nosis between vascular degeneration and tumor formation, I think we shall 
have to find something more accurate to go on than the history, which is so 
apt to be incorrect. The history is the most inaccurate thing we have to 
onsider in making a diagnosis, and I feel that if we are ever to reach the 
stage in which a correct diagnosis is possible in a large percentage of cases, 
we must find some physical signs on which we may rely. 

Dr. 1. ABRAHAMSON: Recently we have been more successful in recognizing 


1 
+ 


this variety of tumor and differentiating it from progressive vascular disease. 


That formerly such cases appeared rarely was due to a variety of causes. 
Ventriculography and greater frequency of craniotomies, exploratory and 
therwise, reveal many tumors that previously were only found postmortem. 


At the Mt. Sinai Hospital, during one month we had three such tumors 
nd one case which proved to be vascular. The majority of the tumor cases, 
especially in the aged, are first regarded as vascular, but the steady progres- 
ion of signs and symptoms, the severe headaches and the late but rapidly 
ncreasing papilledema all indicate a neoplasm rather than arterial disease. 
In the case which Dr. Globus reported, that of a woman aged 37, with a 
history of hypertension dating back fifteen years, all the signs and symptoms 
developed within a short space of time, the progressive papilledema and increas- 
ing signs pointing to disease of the left cerebellar hemisphere. All these 
indicated: that perhaps in spite of the long history of hypertension we might 
be dealing with a neoplasm which without operation would lead to blindness 
and death. Operation revealed a cyst consequent.on vascular disease. Later, 
the signs and symptoms kept on increasing, and in addition aphasia, etc., 
appeared, pointing to possible frontal lobe involvement originally with late 
cerebellar signs. A ventriculogram was made, which proved unsatisfactory. 

Dr. S. P. GoopHart: The difficulties of diagnostic differentiation between 
neoplasm and vascular lesions are at times insurmountable, and even at opera- 
tion our investigation may be inconclusive. The findings of eyeground changes 
are far from uniform. A low degree of neuroretinitis is sometimes seen in 
vascular insults, more especially in hemorrhage. In thrombosis and embolism, 
I believe papilledema is not uncommon. If, however, we find a progressive 
neuroretinitis reaching 3 to 5 diopters, I feel we are certain that a neoplastic 
lesion is the fundamental cause. The introduction of symptoms through soften- 
ing around or within the growth or hemorrhage into it and the compression 
of a vessel by mechanical pressure against the vessel wall may greatly modify 
or suddenly change the symptomatology. 

Dr. Stookey: I should like to agree with Dr. Strauss that the ventriculo- 
gram is suggestive, but his interpretation is erroneous. The first plate was 
taken with the occiput down, with the plate on the back of the head. Dr. 
Strauss demonstrated the presence of air. The anteroposterior view only can 
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demonstrate air in the ventricles; but the plate cannot tell you how far back 
the air goes, so that from the plate all one can tell is that air is present in 
both ventricles, that they are dilated and slightly displaced; it would not 
allow one to say whether or not the frontal horn was cut off. From these 
ventriculograms, a differential diagnosis could not have been made. 


Dr. Strauss: I have two plates of the horns taken laterally. 


Dr. Stookey: If the lateral view had been taken with the head down, 
taken sideways and then shot through, that would show whether air had 
entered the frontal horns. We have not received any particular aid from this 


standpoint. In these cases, the differential diagnosis by the ventriculogram 
(when the tumor is a deep-seated infiltrating tumor for which nothing can 
be done) is not of much value. The method does differentiate between vascular 
degeneration and neoplasm such as Dr. Riley presented. 


Book Reviews 


PRATIQUE SEMILOGIQUE DES MALADIES MENTALES. By Pavut and 
Courson. Pp. 457. Price, twenty francs. Paris: Masson et Cie, 1924. 


This manual by two men well known in French psychiatric literature, is 
ell bound in strong paper covers in the continental manner, and forms a 
mpact pocket size book. It is satisfyingly free from typographical and other 
rrors. The table of contents shows the sequence of the material to be largely on 
descriptive basis, but arranged logically and with only a minimum of over- 
pping. The eighty-nine original illustrations are largely from line drawings, 
ith surprisingly little use of photographic material. These convey vivid 
scriptive impressions but have the general fault of drawings in that they, 
some instances, exaggerate certain points to the exclusion of others, so 

it some are almost caricatures. 

The index is deserving of especial note and commendation. It is well 
rranged, unusually complete, and the terms used are carefully chosen and 

mprehensive. It is distinctly unusual to find so excellent an index in a 

ench publication, especially in the first edition. 

The purpose of the work, as outlined on the title page and in the preface, 

to furnish a text and elementary guide to the symptomatology of mental 

isease for students and practitioners. Emphasis is therefore placed on 

servation and on the acquisition of a psychiatric vocabulary, and pertinent 
riticism is offered with the exclusion of certain loose and misfit terms. The 
modern movement in psychiatry is properly stressed, but it is obvious that 

has not been disseminated so widely in France as with us. The importance 
f a complete and thorough physical examination is emphasized, and the import 
nd the prognostic and diagnostic weight of the more common neurologic 
ymptoms and conditions are briefly touched on. 

The arrangement is time tried and altogether commendable, taking up, as 
t does, the requirements for a thorough mental examination, and in this field 
stressing symptomatology with especial reference to outstanding presenting 
features. From this point, the authors pass naturally to the consideration 
of important mental symptoms and syndromes as deviations from the normal 
psychologic processes. In this section are treated disturbances of sleep, of speech, 
of the emotions, of movement and of memory, including a satisfactory explana- 
tion of amnesia. Illusions and hallucinations, apprehensiveness, confusion, 
confabulation and romancing are taken up in turn, and their interrelationships 
discussed. 

The symptoms presented in various mental disease syndromes are treated 
as fully as could be expected in a book of this size, beginning with states of 
mental deficiency; but, surprisingly and unfortunately, the subjects of mental 
testing and mental grading are referred to so indirectly as to be practically 
disregarded. This is regrettable when one considers the volume of pioneer 
work done along these lines in France. 

As a natural sequence, after mental deficiency, the authors take up deteriora- 
tion (dementia) as a symptom, and proceed to the consideration of hypo- 
chondriac, paranoid, mystic and grandiose delusions as symptoms of the less 
prominently deteriorating psychoses. It is of course to be noted that the 
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classification of mental disease followed in this work does not agree at all 
points with that adopted in the English and American psychiatric literature, 
the latter conforming more closely to the German system, with which the 
French have naturally never been in close harmony. 

Sexual deviations and perversions are given a prominent place among the 
diagnostic criteria, but, as might be expected, the material shows no partiality 
to the Freudian interpretation, and indeed the latter is mentioned and dismissed 
in few words. Discussion of the psychoneuroses is correspondingly limited 
to the consideration of the fears, doubts and obsessions of the psychasthenic 
person, and the impulses to suicide, to murder, to drink, to steal and to set 
fire. Fugues are given a prominent place, especially as symptoms in the 
so-called war psychoses. 

Separate chapters are devoted to suicide, homicide and refusal of food as 
symptoms requiring special and active preventive measures. The book closes 
with chapters on simulation, prognosis and treatment in general and a chapter 
which must be of extreme value to departmental physicians on the administra- 
tive, legal and social aspects of hospital commitment and hospital care. What 
might be interpreted as an index of the importance of general paresis in 
France is given by the fact that of all the disease entities, it is the only 
one to be taken up independently and discussed in a separate chapter. This 
interpretation may be wrong, and this feature may be due to the fact that 
the symptoms of general paresis may simulate almost any other disease, or 
because of all mental diseases, it is the only one possessing all the requisites 
for undisputed diagnosis, viz., constant physical, neurologic, mental and 
laboratory findings. 

In some respects, particularly as regards symptomatology, this little book 
gives an admirably full and detailed account, even if etiology, interpretation 
and classification are subordinated to the more spectacular and entertaining 
features. The diction is excellent, and one cannot help commenting favorably 
on the well chosen material and its manner of presentation, and on the notable 
absence of errors in grammar and punctuation which, unfortunately, mar some 
of the recent psychiatric literature. There is much to admire in the clear 
descriptions, and little is said that can become the subject of dispute or 
misunderstanding. Since classification is so largely arbitrary, so insecurely 
founded and so subject to change, one finds it easy to forgive the outstanding 


defect. This work will of course find limited application in this country, but 


seems destined to fill a real want in the literature of our sister republic. 
After all, it will be useful, accessible and understandable to the many, while 
the more comprehensive hand-book can be utilized by only a few. 


ANATOMIC STUDY OF THE CENTRAL NerRvoUS SysTEM OF A DoG WHOSE PALLIUM 
HAD BEEN ReMovep. By ARMANDO FERRARO. Price, $7.50. Pp. 101. 
Utrecht: Zuidam, 1924. 


In Winkler’s laboratory, Ferraro studied the nervous system of a dog whose 
pallium had been removed four years previously by Prof. Zeliony in Pavlov’s 
laboratory. Pavlov reported the physiologic findings before the Congress of 
Edinburgh in 1923. 

Of the neopallium there remained only an insignificant portion of the gyrus 
fornicatus, medially a part of the area prelimbica, area limbica anterior, 
and a part of the area retrolimbica. No trace of the visual cortex remained; 
of the paleopallium, a trace of the white matter of the lobus olfactorius 
posterior in its caudal portion. On the left side, the olfactory bulb was no 
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longer in communication with the brain. On the right side, the anterior and 
posterior olfactory lobes were spared to a great extent. The lobus piriformis 
was fairly well preserved. The lobus parolifactorius was unharmed on either side. 
Of the archipallium, the cornu ammonis was notably damaged and partially 
xtirpated. The fimbria was damaged on either side, more markedly on the left. 


The nucleus caudatus was injured severely on the right side and almost 
completely extirpated on the left. The putamen was almost completely removed 

both sides. The globus pallidus remained intact. Only a small part of the 
ucleus amygdalae was recognizable on either side. 

The destruction of all portions of the forebrain was followed by certain 

condary degenerations in other portions of the central nervous system, 
vhich the author studied with great care by means of both cell stains and 
myelin pictures. The description is accompanied by references to the observa- 
ions of others, anatomic points still under debate, and by conclusions in 
egard to some of the more obscure connections and pathways which were 
ought to light by the degeneration of large fiber systems. In regard to the 
mnection between the fornix and the tenia thalami, Ferraro showed that 
fibers of the medial portion of the tenia thalami come from the columna 
rnicis, and are therefore homologous with the tractus cortico-habenularis 
lower vertebrates. 

The lobus parolfactorius appeared hypertrophic, but no conclusions could 

drawn as to its dependence on or independence of the olfactory system. 
[he columna fornicis descendens was scarcely degenerated at all. Its fibers 
eemed to spring from the dorsal portion of the archipallium. The important 

rtico-habenular portion seemed to arise from this area. 

The parvicellular portion of the lateral nucleus of the corpus mamillare 
was degenerated. 

The striothalamic radiation appeared normal, as did the H; and Hz fields 

Forel. Since the neostriatum was severely damaged, these radiations would 
eem to be pallidal in origin. 

In the thalamus, the degenerated portions were the nucleus anterior, nucleus 
lateralis, nucleus medialis b (especially on the left), nucleus centralis c, nucleus 
ventralis a and c, and the pulvinar, making it probable that their connections 
were entirely with the forebrain. The more centrally situated nuclei of the 
thalamus remained intact. 

A small number of cells remained in the corpus geniculatum laterale after 
profound degeneration of the rest. They seemed to give rise to a bundle of 
fibers which ran to the hypothalamus, but their termination could not be dis- 
tinguished. The bundle may be the Kometenbundel of Echidna described by 
Ziehen. The corpus geniculatum mediale was extremely degenerated, only a 
few atrophic cells remaining. 

The peduncle of the corpus mamillare was well preserved on either side. 
Its connections were unclear, but some of the fibers were lost in the substantia 
nigra. Of the latter structure, a considerable portion was atrophic on the left 
side, whereas on the right it was relatively intact. This would make it seem 
that the substantia nigra was dependent rather on the striatum than on the 
cortex. The corpus subthalamicum and the fibers joining it to the substantia 
nigra were clearly visible. The efferent fibers of the substantia nigra did not 
join the tracts in the pes pedunculli. 

The pyramidal tracts, as well as the corticopontile fibers, were completely 
degenerated. All the pontile nuclei were identified, however, and their slight 
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atrophy might be considered tertiary, dependent on disuse. Ferraro believed 
that these nuclei receive impulses only from the cortex. 

The lemniscus medialis and its cells of origin, especially in Burdach’s 
nucleus, were slightly diminished in size, here again probably depending on 
functional inactivity. 

The red nucleus, corpora quadrigemina, cerebellum, cranial nerve nuclei, 
vestibular system and other extrinsic and intrinsic systems appear to have 
remained intact. 


The book (in French) is illustrated with fifty photographs and drawings. 


INTERNATIONAL Cuinics. A QUARTERLY OF ILLUSTRATED LecTURES AND EspE- 
CIALLY PREPARED ORIGINAL ArticLes. Volume IV. Thirty-Fourth Series. 
Pp. 308. Price, $3.00 per volume; $12.00 per year. Philadelphia: J. B. 
Lippincott Company, 1925. 


This volume sustains the long established reputation of the International 
Clinics. It contains seven articles on the diagnosis and treatment of 
certain disease entities, four articles on diagnosis and treatment, five classed 
under medicine, two under pediatrics, three on surgery and two on indus- 
trial medicine. There are only two of particular interest to neurologists. 
The first is a rather long article on mental disease in infancy and childhood by 
James Burnett of Edinburgh, the other a critical review entitled “Fractures 
of the Lumbar Spine” by Carl Da Costa of Columbus, Ohio. The lecture by 
3urnett, twenty-five pages, apparently makes an endeavor to condense a text- 
book into one lecture. We feel that better results might have been attained 
had he limited his contribution to a more restricted field. Still, this lecture 
will be very useful to a general practitioner in giving him a bird’s eye view 
of the subject. Most of the matter is perfectly safe and sound, but we believe 
the author lays too much stress on the influence of the state of the mother 
during pregnancy on the nervous mechanism of the unborn infant, and we 
believe that the author also overemphasizes the danger of the marriage of 
first cousins. In places, the verbiage is loose. For instance, in one place the 
author seems to say that the condition of the mother during pregnancy is 
more important to the state of the child than is the condition of the father. 
It is not entirely clear whether the author means the condition of the father 
during his pregnancy or during the pregnancy of the wife or at other times. 

The article by Da Costa is an excellent summary of the subject, useful 
alike to surgeon and neurologist but the author has not confined himself to 


fractures in the lumbar region. This contribution we can sincerely recommend 
to anybody. 


